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ABSTRACT 


The  report  recommends  government  actions  that  should 
be  taken  concerning  (1)  the  coordination  of  information  dissemination 
and  research  related  to  the<  effects  of  pesticides:  (2)  the  control 

or  elimination  of  the  use  of  specific  persistent  pesticides  in  the 
United  States,  and  the  development  of  standards  for  the  exposure  of 
humans  to  insecticides  in  food,  water,  and  air;  and  (3)  regulation 
and  legislation  concerning  pesticide  development,  testing  and  use. 
These  recommer dat ions  are  based  on  the  extensive  reviews  of  the 
literature  included  as  "art  2 of  th®  report.  The  topics  reviewed 
w^re:  (1)  uses  and  benefits;  (2)  contamination;  (3)  effects  on 

non-target  oroanisms  other  than  man;  (4)  effects  on  man;  (5) 
carcinogenicitv;  (f)  interraction  (in  target  and  non-tarnet 
organisms);  (7)  mutaoen  icity;  and  (P)  teratogenic  it  v (abnormalities 
of  nre-natal  orioin) . Bibliographies  are  included  in  each  review. 
Reviews  indicate  needed  research  as  well  as  available  data.  Possible 
alternative  means  of  pest  control  are  considered  in  reviews  1,  2,  and 
(AL) 
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DEPARTMENT  OP  HEALTH,  EDUCATION,  AND  WELFARE 


December  5,  1969 

Dear  Hr,  Secretary: 

The  complete  report  of  your  Ooimieelon  on  Peetlcldee  *nd  Their 
Relationship  to  Environmental  Health  (Part  1 & Part  1Z)  la 
Included  herein. 

Part  l,  which  l submitted  to  you  on  November  11,  1969,  containa 
the  Comnieeion'e  unanimous  recommendations  along  with  summaries 
*>f  the  reporte  of  four  Subcojn'tteee  to  the  Commission' 

Part  11  containa  the  complete  reporte  and  concluelone  of  four 
Subcommittee!  and  the  four  Advieory  Panele  to  the  Cowleelon. 
upon  which  findinge  the  Cocnleeion  baaed  lte  recommendations* 
Over  5000  referencee  to  publlehed  or  ongoing  eclentlflc  rate  rch 
were  reviewed  and  evaluated,  Since  each  report  vae  prepared  by 
the  membership  of  the  Subcommittee  or  Advieory  Patel  Involved 
with  the  particular  eubject  under  veviev,  theee  reporte  by 
thetualvee  do  not  neceeearlly  reflect  the  unanimous  opinion 
of  the  Commission's  entire  membership,  although  each  Commission 
member  hae  reviewed  all  drafta  of  ell  reporte*  However,  the 
recommendations  of  the  Connie e ion  were  adopted  unanimously. 

On  behalf  of  the  Commission,  lte  entire  eteff,  end  speaking  for 
myself,  1 would  like  to  thank  you  for  the  euperb  support  you  and 
your  Department  have  given  to  the  Coealeelon,  We  hope  that  our 
recommendations  will  be  coneidered  for  early  implementation  by 
all  Departmente  concerned  with  the  uee  of  peetlcldee. 

Sincerely  youre, 


* 


Chairman 

Secretary's  Cowl ee ion  on  Peetlcldee 
end  Their  Relationship  to  Rnvlronmental 
Health 

Honorable  Robert  tt,  Pinch 
Secretary 

Department  of  Health,  Education, 
and  Welfare 
Va thing ton,  D,  C, 

Entice urea 
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Commission  Recommendations 
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DEPARTMENT  OF  HEALTH.  EDUCATION,  AND  WELFARE 


November  11,  1969 


Dear  Mr.  Secretary: 

Attached  are  the  unanimous  recommendations  of  your  Commission  on 
Pesticides  and  Their  Relationship  to  Environmental  Health.  As 
you  know,  the  reports  of  the  Commission,  eight* In  all,  are  In  the 
process  of  publication  as  you  have  directed. 

These  recommendations  are  arranged  In  an  action  priority  order  as 
seen  by  the  Commission;  however,  this  order  has  no  significance  as 
to  their  relative  Importance.  In  my  own  view  the  recommendations 
support  the  following  principles: 

1.  Chemicals,  Including  pesticides  used  to  Increase  food 
production,  are  of  such  Importance  In  modern  life  that 
we  must  learn  to  live  with  them; 

2.  In  looking  at  their  relative  merits  and  hazards  we  must 
make  Individual  judgments  upon  the  value  of  each  chemical, 
Including  the  alternatives  presented  by  the  non-use  of 
these  ohemlcala.  Vo  oust  continue  to  accumulate  scientific 
data  about  the  effects  of  these  chemicals  on  the  total 
ecology;  and 

3.  The  final  decision  regarding  the  usage  of  these  chemicals 
must  be  made  by  those  governmental  agencies  with  the 
statutory  responsibilities  for  the  public  health,  and  for 
pesticide  registration. 

On  behalf  of  the  Commission  and  all  of  the  staff  assigned  to  help 
the  Commission,  X want  to  express  our  thanks  for  the  support  you 
have  given  us  In  carrying  out  this  task.  We  hope  that  our  efforts 
will  be  helpful  to  you  In  carrying  out  your  awesome  responslbllltes. 


Honorable  Robert  H,  Finch 
Secretary 

Department  of  Health,  Education, 
and  Welfare 
Washington,  D.C. 

Enclosures 


Sincerely  yours. 


Chairman 

Secretary's  Commission  on  Pesticides  and 
Ihelr  Relationship  to  Environmental  Health 
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INTRODUCTION 


Our  society  has  gained  tremendous  benefits  from  the  usage  of  pesti- 
cides to  prevent  disease  and  to  increase  the  production  of  foods  and 
fibers.  Our  need  to  use  pesticides  and  other  pest  control  chemicals  will 
continue  to  increase  for  the  foreseeable  future.  However,  recent  evi* 
dense  indicates  our  need  to  be  concerned  about  the  unintentional  effects 
of  pesticides  on  various  life  forms  within  the  environment  and  on  hu- 
man health.  It  is  becoming  increasingly  apparent  that  the  benefits  of 
using  pesticides  must  be  considered  in  the  context  of  the  present  and 
potential  risks  of  pesticide  usage.  Sound  judgments  must  be  made. 

The  Secretary’s  Commission  on  Pesticides  and  Their  Relationship 
to  Environmental  Health  was  appointed  in  April  1969  and  charged 
with  the  responsibility  of  gathering  all  available  evidence  on  both  the 
benefits  nad  risks  of  using  pesticides,  evaluating  it  thoroughly,  and 
reporting  their  findings  and  recommendations  to  Secretary  Finch. 
After  carefully  reviewing  all  available  information,  the  Commission 
has  concluded  that  there  is  adequate  evidence  concerning  potential 
hazards  to  our  environment  and  to  man’s  health  to  require  corrective 
action.  Our  Nation  cannot  afford  to  wait  until  the  last  piece  of  evidence 
has  been  submitted  on  the  many  issues  related  to  pesticide  usage.  We 
must  consider  our  present  course  of  action  in  terms  of  future  genera- 
tions of  Americans  and  the  environment  that  they  will  live  in. 

The  Commission’s  unanimously  approved  recommendations,  devel- 
oped after  careful  evaluation  of  all  available  evidence,  are  presented 
in  this  document.  Part  II  of  this  report  currently  is  in  preparation  for 
printing  and  will  be  made  available  in  the  near  future.  This  represents 
the  review  of  over  5,000  references  to  scientific  research,  and  will  con- 
tain a full  presentation  of  each  Sub-Committee’s  Report  to  the  Com- 
mission, including  special  Advisory  Panel  Reports  on  carcinogenesis, 
interaction,  mutagenesis,  and  teratogenesis.  We  must  consider  the  total 
problem  of  pesticide  usage  not  only  in  the  context  of  what  is  presently 
known  but  also  in  the  context  of  the  many  unknowns  still  to  be  deter- 
mined. Some  of  these  unknowns  may  never  be  precisely  determined. 
Corrective  action  is  recommended  now  to  prevent  further  environ- 
mental contamination  from  pesticide  residues  and  to  protect  the  health 
of  man. 
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COMMISSION 

RECOMMENDATIONS 

Recommendation  1: 

Initiate  closer  cooperation  among  the  Department 9 of  Health , Edu* 
cation , and  Welfare , Agriculture , amf  Interior  on  pesticide  problems 
through  establishment  of  a neio  interagency  agreement . 

The  registration  of  pesticides  is  now  vested  only  in  the  Secretary 
of  Agriculture  under  the  Federal  Insecticide,  Fungicide,  and  Rodenti- 
cide  Act  (FIFRA).  The  regulations  implementing  FIFRA  state  that 
the  purpose  of  the  act  is  “to  protect  the  public  health  before  injury 
occurs  rather  than  to  subject  the  public  to  dangers  of  experimentation 
and  take  action  after  injury.” 1 However,  the  present  interagency 
agreement  requires  the  Secretaries  of  DHEW  and  USDI  to  produce 
scientific  evidence  clearly  demonstrating  a present  hazard  to  health 
or  to  the  environment  in  order  to  remove  from  registered  use  or  pre- 
vent the  registration  of  any  specific  pesticide.  In  regard  to  health  pro- 
tection, the  burden  of  proof  should  rest  upon  the  manufacturer  to 
demonstrate  to  the  Secretary  of  HEW  that  appropriate  tests  do  not 
produce  untoward  effects  upon  two  or  more  species  of  mammals  which 
might  indicate  a hazard  to  health.  Such  a procedure  is  entirely  in 
keeping  with  the  purpose  of  the  act  as  stated  above. 

A new  interagency  agreement  is  needed  to  strengthen  cooperative 
action  among  the  Departments  of  HEW,  USDA,  and  USDI  to  protect 
public  health  and  the  quality  of  the  environment  from  pesticide  haz- 
ards. Approval  by  the  Secretaries  of  DHEW  and  Interior  as  well  as 
Agriculture  should  be  required  for  all  pesticide  registrations.  Pesti- 
cide uses  deemed  by  any  of  the  three  Secretaries  to  be  hazardous  should 
be  restricted  or  eliminated. 

The  agreement  should  further  require  a continuous  review  of  new 
scientific  information  on  pesticides  now  in  use,  with  a formal  review 
made  2 years  after  initial  registration  and  subsequent  formal  reviews 
by  the  three  agencies  at  5 -year  intervals. 


* C.F.R..  Title  7,  Cr,  11,  Sec.  362.1<*(d)  (1). 
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Such  an  agreement  and  the  closer  interagency  cooperation  it  would 
produce  would  have  other  distinct  advantages: 

• It  would  call  attention  to  evidence  suggesting  concern  and  expe- 
dite appropriate  action ; 

• It  would  encourage  cooperative  approaches  to  public  education, 
applicator  training,  research  on  the  biological  effects  of  a pesti- 
cide, and  promote  the  development  and  use  of  improved  methods 
of  pest  control;  and 

• It  would  provide  a mechanism  for  focusing  the  concerns  and 
skills  of  each  agency  and  to  coordinate  action  on  pesticide 
problems. 

If  the  objective  of  providing  to  the  Secretary  of  DHEW  the  au- 
thority to  meet  his  responsibility  for  control  of  health  hazards  of  pesti- 
cides cannot  be  attained  by  a new  interagency  agreement,  it  will  be 
necessary  to  amend  the  Federal  Insecticide,  Fungicide,  and  Rodenti- 
cide  Act  (FIFRA), 

Recommendation  2: 

Improve  cooperation  among  the  various  elements  of  the  Department 
of  Health , Education , and  Welfare  which  are  concerned  with  the  effects 
of  pest  control  and  pesticides. 

The  diversified  and  significant  responsibilities  associated  with  the 
Department  of  Health,  Education,  and  Welfare  pesticide  and  pest- 
control  activities  lack  sufficient  coordination  and  direction.  Several 
segments  of  DHEW  have  direct  and  implied  responsibilities  for  pro- 
teciton  of  public  health  in  relation  to  the  use  of  pesticides.  The  prob- 
lem of  achieving  cooperation  appears  to  be  intensified  by  recent  reor- 
ganizations. Mechanisms  should  be  developed  to  assure  exchange  of 
information  between  all  pertinent  segments  of  DHEW.  There  is  a 
need  for  reappraisal  of  the  vector  control  activities,  educational  pro- 
grams, research  responsibilities,  monitoring,  State  aid  programs,  and 
other  activities  involving  pesticides. 

Recommendation  3: 

Eliminate  within  two  years  all  uses  of  DDT  and  DDD  in  the  United 
States  excepting  those  uses  essential  to  the  preservation  of  human 
health  or  welfare  and  approved  unanimously  by  the  Secretaries  of  the 
Departments  of  Health , Education , and  Welfare , Agriculture , and 
/ interior . 

The  uses  of  DDT  and  DDD  as  pesticides  should  be  limited  to  the 
prevention  or  control  of  human  disease  and  other  essential  uses  for 
which  no  alternative  is  available.  Such  uses  should  be  clearly  identi- 
fied and  individually  evaluated  in  relation  to  human  hazard  from  ex- 
posure, movement  in  the  natural  environment  concentration  in  the  food 


chains  of  the  world,  and  other  environmental  considerations.  Unani- 
mous approval  by  the  Secretaries  of  DHEW,  USDA,  and  USDI 
(who  in  turn  are  expected  to  call  on  Federal,  State  and  private  ex- 
perts for  advice)  would  provide  for  Identification  of  essential  uses 
and  assure  that  such  approval  will  be  based  on  sound  judgment. 

Abundant  evidence  proves  the  widespread  distribution  of  DDT 
and  its  metabolites  (principally  DDE)  in  man,  birds,  fish,  other  aqua- 
tic organisms,  wildlife,  soil,  water,  sewage,  rivers,  lakes,  oceans,  and 
air.  Evidence  also  demonstrates  that  these  materials  are  highly  in- 
jurious to  some  nontarget  species  and  threaten  other  species  and  bio- 
logical systems.  Elimination  of  all  nonessential  uses  should  be  achieved 
and  the  period  of  2 years  is  recommended  to  assure  achievement  with- 
out excessive  economic  disrupt  ion. 

Unavoidable  residues  of  these  persistent  pesticides  will  continue 
to  occur  in  the  soil,  water,  air,  and  food  supplies  for  a period  of  years 
despite  restriction  of  usage  in  the  United  States.  Reasonable  methods 
must  be  established  for  the  use  of  as  much  of  the  food  supply  ns 
possible  without  hazard  to  human  health. 

Despite  diminution  of  DDT  usage,  the  Commission  urges  that 
research  be  intensified  to  gain  further  understanding  of  the  ecological 
dynamics  and  public  health  implications  of  this  example  of  a persist- 
ent chemical  widely  distributed  in  the  environment. 

It  should  be  recognized  that  DDT  is  used  in  developing  nations 
in  the  prevention  and  control  of  malaria,  typhus,  and  other  insect- 
borne  diseases,  and  in  the  production  of  food  and  fiber.  The  control 
of  such  uses  is  the  responsibility  of  those  nations.  They  should,  how- 
ever, receive  from  the  United  States  the  full  benefit  of  all  available 
information  and  assistance  on  hazards,  safe  and  effective  uses  of 
pesticides,  and  alternative  methods  of  pest  control. 

Recommendation  4t 

Re*trict  the  usage  of  certain  per«i»tent  pesticides  in  the.  United 
State*  to  specific essential utc*  which  create  no  known  hatard  to  human 
health  or  to  the  quality  of  the  environment  and  which  are  unanimously 
approved  by  the  Sceretarie*  of  the  department*  of  Health,  Education , 
and  Welfare,  Agriculture, and  Interior. 

Seveml  pesticides  other  than  DDT  are  persistent  and  cause  or  can 
cause  contamination  of  the  environment  and  damage  to  various  life 
forms  within  it.  These  include  aldrin,  dieldrin,  endrin,  heptachlor, 
chlordane,  benzene  hexachloride,  lindane,  and  compounds  containing 
arsenic,  lead,  or  mercury.  We  may  anticipate  that  decreased  use  of 
DDT  and  the  above  chemicals  will  result  in  an  increased  use  of  other 
chemicals  such  as  toxaphene.  While  there  is  no  eridence  that  toxaphene 
undergoes  biological  magnification,  its  chemical  properties  suggest 
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that  it  should  receive  close  surveillance.  Furthermore,  the  use  of  or- 
ganometallic  compounds  and  salts  of  heavy  metals  other  than  arsenic, 
lead,  or  mercury  should  be  periodically  reviewed. 

The  uses  of  persistent  compounds  should  bo  fully  reviewed  in  light 
of  recent  advances  in  understanding  the  undesired  effects  of  some 
pesticides.  The  acceptable  uses  should  be  selected  and  approved 
unanimously  by  the  appropriate  departments.  Such  usage  should  be 
retricted  to  essential  purposes,  limited  to  the  lowest  effective  dosage 
required  for  the  production  and  protection  of  essential  foods  and 
fibers,  and  replaced  by  safer  alternatives  wherever  possible. 

It  is,  however,  impractical  to  attempt  to  eliminate  the  residues 
of  such  pesticides  from  foods  by  the  application  of  zero  tolerance 
limits.  Modern  techniques  have  greatly  increased  the  sensitivity  of 
the  analytical  methods  available  when  the  zero  tolerance  concept 
was  advanced.  This  fact  must  be  recognized  in  judging  the  possibilities 
of  hazards  and  establishing  tolerance  limits  with  a sufficient  margin 
of  safety  to  protect  human  health  and  welfare. 

Recommendation  5: 

Minimite  human  ez/tomre  (o  (hote  pesticides  considered  to  present 
a potential  health  hazard  to  man. 

Decisions  on  restriction  of  human  exposure  to  perticides  should  be 
made  by  the  Secretary  of  the  Department  of  Health,  Education,  and 
Welfare.  In  reaching  such  decisions,  consideration  must  be  given  to 
both  the  adequacy  of  the  evidence  of  hazard  to  human  health  and  pos- 
sible consequences  to  human  welfare  that  flow  from  the  imposition  of 
restrictions  on  human  exposure  to  pesticides. 

Accordingly,  it  is  of  utmost  importance  that  the  results  of  screening 
tests  be  scientifically  and  rationally  considered.  The  correct  interpreta- 
tion of  hazards  to  human  health  is  sometimes  extraordinarily  difficult. 
It  must  involve  the  transfer  of  the  resultsof  animal  experiments  to  pre- 
diction of  human  effects.  In  addition,  the  screening  process  frequently 
involves  preliminary  examinat  ion  of  the  effects  of  massive  dosages,  pos- 
sible contamination  of  test  samples,  and  other  factors  which  affect 
proper  interpretation. 

The  health  and  welfare  of  the  public  must  be  effectively  protected. 
However,  it  is  not  in  the  best  interest  of  the  public  to  permit  unduly 
precipitate  or  excessively  restrictive  action  ha9ed  only  on  anxiety. 

In  recent  screening  studies  in  animals  employing  high  dosage  levels, 
several  compounds  have  been  judged  to  be  positive  for  tumor  induc- 
tion. In  similar  screening  studies  other  pesticides  have  been  judged 
to  be  teratogenic.  The  evidence  does  not  prove  that  these  are  injurious 
to  man,  but  does  indicate:  (I)  A need  to  reexamine  the  registered  uses 
of  the  materials  and  other  relevant  data  in  order  to  institute  prudent 


steps  to  minimise  human  exposure  to  these  chemicals;  and  (2)  to  un- 
dertake additional  appropriate  cvaluatory  research  on  representative 
samples  of  these  substances  in  order  to  guide  future  decisions.  It  is 
further  important  to  have  detailed  knowledge  of  sample  composition 
and  purity.  These  materials  are:  aldrin;  amitrol;  aramite;  avadex; 
bis  (2-chIoroethyl)  ether;  chlorobenzilate;  p,p’-DDT;  dieldrin;  hep- 
tachlor  (epoxide);  mirex;  n-(2-hydroxyethyl)-hydrasine;  strobane; 
captan;  catbaryl;  the  butyl,  isopropyl,  and  isooctyl  esters  of  2,4-D; 
folpet ; mercurials;  PCNB;  and2,4,#-T. 

The  imposition  of  restrictions  on  exposure,  particularly  from  pesti- 
cide residues  in  food  and  water,  should  be  accompanied  by  periodic 
review  and  adjustment  of  pesticide  residue  tolerances.  Indiscrimi- 
nate imposition  of  xero  tolerances  may  well  have  disastrous  conse- 
quences upon  the  supply  of  essential  food  and  threaten  the  welfare  of 
theentire  Nation.  Stepwise  lowering  of  pesticide  tolerance  may  in  some 
cases  be  an  effective  and  flexible  instrument  with  which  to  execute 
policy. 

Currently  our  national  resources  of  funds,  manpower,  and  facilities 
will  not  permit  the  concurrent  testing  of  all  pesticidal  compounds. 
Priorities  for  testing  must  be  established.  Effective  national  implemen- 
tation of  this  policy  will  require  continuing  development  and  evalua- 
ton  of  scientific  information  concerning  the  hatards  of  pesticides  to 
human  health.  Additional  chemicals  are  being  or  should  be  investi- 
gated and  evaluated  for  potential  haxards  to  human  health,  as  re- 
sources permit. 

Recommendation  6: 

Create  a pettidde  addtory  committee  in  the  Department  of  Health, 
Education,  and  Welfare  to  evaluate  information  on  the  hatarde  of 
pttlidde*  to  human  health  and  environmental  quality  and  to  adviee 
the  Secretary  on  related  matter*. 

The  Secretary  of  the  Department  of ’Health,  Education,  and  Wel- 
fare Is  obligated  to  protect  and  enhance  human  health  and  welfare. 
In  relation  to  pesticides,  this  requires  that  be  draw  upon  a wide 
range  of  expert  opinion  and  guidance.  Excellent  competence  in  some 
areas  exists  within  the  staff  of  the  Department,  but  the  advisory  serv- 
ices of  a group  drawn  from  the  professional,  industrial  and  academic 
specialists  in  related  fields  can  provide  unique  and  essential  services. 
A Pesticide  Advisory  Committee  should  be  created  and  should  in- 
clude expere  on  human  health  and  welfare,  on  environmental  and 
agricultural  sciences  and  from  appropriate  economic  and  industrial 
areas  of  knowledge  and  experience. 

In  assisting  the  Secretary,  the  Pesticide  Advisory  Committee  would : 
• Interpret  new  information  from  scientific  sources  and  from  in- 
creased national  experience  with  pesticides. 


• Assess  the  potential  hazards  of  specific  pesticides,  based  on 
consideration  of  persistence  of  residues,  possible  distribution 
and  magnification  in  biological  systems,  and  potential  hazards 
to  human  health  and  welfare. 

• Recommend  improvements  in  administrative  procedures  relat- 
ing to  pesticides;  areas  requiring  intensified  research  atten- 
tion ; adequate  programs  for  monitoring  and  interpreting  pesti- 
cide distribution;  and,  in  conjunction  with  the  U.S.  Depart- 
ment of  Agriculture  and  the  U.S.  Department  of  the  Interior, 
recommend  educational  and  training  programs  designed  to  im- 
prove usage  of  pesticides  and  reduce  deleterious  effects. 

• Evaluate  the  complex  risks  and  benefit  considerations  necessary 
for  making  responsible  judgments  on  the  uses  of  pesticides,  and 
suggest  means  for  maximizing  benefits  and  minimizing  risks. 

• Provide  advice  on  suitable  standards  and  tolerances  for  pesticide 
content  in  food,  water,  and  air  to  protect  the  public  health  and 
the  quality  of  the  environment. 

• Identify  gaps  in  knowledge  and  advise  on  needed  research. 

• Review  and  recommend  test  procedures  and  protocols  to  be 
employed  by  manufacturers  in  establishing  the  safety  of 
pesticides. 

The  committee  should  receive  the  full  benefit  of  the  information  and 
professional  competence  present  in  the  Department  of  Health,  Educa- 
tion, and  Welfare,  maintain  strong  liaison  with  any  comparable 
advisory  groups  in  other  Federal  agencies,  and  have  free  access  to 
specialists  and  experts  throughout  the  nat  ion. 

Recommendation  7t 

Develop  tuitable  ttandardt  for  peeticide  content  in  food , water,  and 
air  and  other  aspect*  of  environmental  quality,  that:  (/)  protect  the 
public  from  undue  haeardt , and  (t)  tecognite  the  need  for  optimal 
human  nutrition  and  food  tupply. 

In  setting  tolerances  for  pesticide  residues  in  or  on  foods,  the  De- 
partment of  Health,  Education,  and  Welfare  should  be  cognizant 
of  the  need  for  optimal  human  nutrition  and  food  supply.  Recausc 
widespread  environmental  contamination  by  DDT  and  other  persist- 
ent pesticides  can  cause  unavoidable  residues  in  many  raw  foods, 
the  new  Pesticide  Advisory  Committee  should  examine  the  problem 
of  tolerances  carefully.  Total  human  exposure,  actual  daily  intake, 
and  total  body  burden  of  pesticide  residues  should  be  minimized  when- 
ever feasible,  bn*,  unavoidable  residues  should  be  realistically  con- 
sidered. (See  next  recommendation). 

There  is  need  to  abate  widespread  contaminet  ion  of  the  environment 
in  order  to  reduce  unavoidable  residues  of  pesticides  in  food,  water, 


and  air.  Of  equal  importance  is  the  need  to  take  anticipatory  regulatory 
action  to  prevent  future  problems  caused  by  other  pesticides. 

The  fact  that  DPT  residues  are  widespread  throughout  the  environ- 
ment has  lead  to  unusual  difficulties  for  certain  food  industries.  For 
example,  the  fact  that  DDT  is  concentrated  from  contaminated  waters 
into  the  fat  of  coho  salmon  and  other  Ash  is  not  the  fault  of  the  fishing 
industry.  DDT  contamination  of  lakes,  rivers,  and  oceans  is  not  sus- 
ceptible to  immediate  correction  and  reduction  will  require  concerted 
action  to  prevent  DDT  entry  from  various  sources.  Tolerances  for 
DDT  residues  in  fish  should  be  subjected  to  immediate  review  and 
reflect  the  relative  importance  of  the  food  in  the  diet.  Concurrent 
efforts  should  be  made  to  apply  processing  methods  capable  of  re- 
ducing the  DDT  content  of  fish. 

The  Pesticide  Advisory  Committee  may  wish  to  consider  a graded 
seres  of  regulatory  actions  developed  in  proportion  to  the  extent  of 
environmental  contamination  or  risk  thereof, in  relation  to  total  human 
exposure,  actual  daily  intake,  and  total  body  burden  of  pesticide 
residues.  Such  a series  might  be  as  follows : 

Grade  I:  No  significant  environmental  contamination  or  risk 

thereof  is  judged  to  exist.  Only  periodic  surveillance 
and  confirmatory  evaluation  is  required. 

Grado  II : Some  environmental  contamination  or  risk  thereof  is 
judged  to  exist.  Active  surveillance  is  required,  in- 
cluding the  assessment  of  total  human  body  burden 
of  pesticide  residues;  investigation  of  their  relation- 
ships to  various  sources;  evaluation  of  reductions  by 
variations  in  food  harvesting,  processing,  and  dis- 
tribution techniques ; and  routine  regulatory  controls. 

Grade  III:  Substantial  environmental  contamination  or  risk 
thereof  is  judged  to  exist.  Restrict  total  usage  with 
active  program  of  replacing  present  usage  with  alter- 
native pesticides,  and  approve  use  by  permit  only. 

Grade  IV:  Widespread  or  severe  environmental  contamination 
or  general  risk  thereof  exists.  Ban  all  nonessential 
uses  and  remove  from  the  general  market.  Approve 
use  by  permit  only. 

If  indicated  by  the  best  available  evidence,  the  above  graded  series 
of  regulatory  actions  would  permit  immediate  classification  of  a pesti- 
cide into  grade  III  or  IV,  thus  requiring  approved  use  by  permit  only. 
Anticipatory  action  can  prevent  harmful  environmental  contamina- 
tion by  pesticides  and  their  movement  into  food,  water,  and  air. 


Recommendation  8: 

Seek  modification  of  the  Delaney  clause  to  permit  the  Secretary  of 
the  Department  of  Health , Education,  and  Welfare  to  determine  when 
evidence  of  carcinogenesis  justifies  restrictive  action  concerning  food 
containing  analytically  detectable  traces  of  chemicals. 

The  effect  of  the  Delaney  clause*  is  to  require  the  removal  from 
interstate  commerce  of  any  food  which  contains  analytically  detectable 
amounts  of  a food  additive  shown  to  be  capable  of  inducing  cancer  in 
experimental  animals.  This  requirement  would  be  excessively  con- 
servative if  applied  to  foods  containing  unavoidable  trace  amounts 
of  pesticides  shown  to  bo  capable  of  inducing  cancer  in  experimental 
animals  when  given  in  very  high  doses.  If  this  clause  were  to  be  en- 
forced for  pesticide  residues,  it  would  outlaw  most  food  of  animal 
origin  including  all  meat,  all  dairy  products  (milk,  butter,  ice  cream, 
cheese,  etc.),  eggs,  fowl,  and  fish.  These  foods  presently  contain  and 
will  continue  to  contain  for  years,  traces  of  DDT  despite  any  restric- 
tions imposed  on  pesticides.  Removal  of  these  foods  would  present  a 
far  worse  hatard  to  health  than  uncertain  carcinogenic  risk  of  these 
trace  amounts. 

Commonly  consumed  foodstuffs  contain  detectable  amounts  of  un- 
avoidable naturally  occurring  constituents  which  under  certain  experi- 
mental conditions  are  capable  of  inducing  cancer  in  experimental  ani- 
mals. Yet,  at  the  usual  low  level  of  intake  of  these  constituents  they  are 
regarded  as  presenting  an  acceptable  risk  to  human  health. 

Exquisitely  sensitive  modem  analytical  techniques  which  became 
available  since  enactment  of  the  Delaney  clause  permit  detection  of 
extremely  small  traces  of  chemicals  at  levels  which  may  be  biologically 
insignificant.  Positive  response  in  carcinogenic  testing  has  often  been 
shown  to  be  dose-relsted,  in  that  the  carcinogenic  response  increases 
with  increasing  dose  levels  of  the  carcinogen ; when  the  dosage  of  a 
carcinogen  is  minimised,  the  risk  for  cancer  is  also  minimised  or 
eliminated. 

The  existence  of  such  dose  responses  of  carcinogens  must  be  taken 
into  account  by  evaluating  the  balance  of  benefits  and  risks  as  is  com- 
monly done  in  assessing  any  toxic  chemical.  Ignorance  concerning  the 
possible  role  of  environmental  chemicals  in  causation  of  human  cancer 
reinforces  the  case  for  caution  in  making  such  judgments.  In  addition 
to  the  complexities  of  determining  a "no  effect”  level  of  a weak  car- 
cinogen in  a given  experimental  species,  the  extrapolation  of  the  sub- 
stance's effects  to  other  species  including  man  is  of  such  intuitive  na- 
ture that  a wide  margin  of  safety  must  1>e  allowed.  Nevertheless, 
compelling  considers  I ions  of  the  increasing  need  for  f-od  may  lead 
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to  acceptance  of  an  undetectable  small  risk  in  order  to  obtain  the 
benefit  of  adequate  food. 

The  recommendation  for  revision  of  the  Delaney  clause  is  made  in 
order  to  permit  determinations  essential  to  the  protection  of  human 
health,  not  to  just ify  irresponsible  increases  in  the  exposure  of  the 
population  to  carcinogenic  hazards. 

Recommendation  9: 

E*tabli*h  a Department  of  Healthy  Education,  and  Welfare  clearing- 
home  for  pesticide  information  and  develop  jwticide  protection  team*. 

The  sources  of  information  on  pesticides  are  exertmely  diverse  and 
scattered,  including  Federal  and  State  agencies,  universities,  private 
research  centers,  and  industrial  laboratories.  The  urgent  problems  of 
pesticide  management  require  rapid  access  to  scientific  information. 
At  the  same  time,  a most  serious  information  gap  exists  in  the  absence 
of  reliable  sources  of  data  on  local  activities,  progress,  and  problems 
throughout  the  Nation.  Therefore, the  establishment  of  a clearinghouse 
for  pesticides  is  recommended  and  the  organization  of  pesticide  pro- 
tection teams  is  strongly  urged. 

The  clearinghouse  should : 

• Collect  and  organize  information  on  pesticides  and  their  rela- 
tionships to  human  health  and  the  quality  of  the  environment  in 
a modem  system  for  storage,  retrieval,  and  dissemination,  and 
secure  evaluations  of  such  data. 

• Provide  bibliographies,  reprints,  and  summaries  upon  request 
from  the  Secretary  of  the  Department  of  Health,  Education,  and 
Welfare,  appropriate  Federal  and  State  agencies,  research  ten- 
ters  and  others  with  a valid  need  for  knowledge. 

• Receive  continuously  information  from  the  pesticide  protection 
teams  and  provide  for  its  proper  summary  and  distribution, 
with  special  attention  to  dangers  or  improvements  related  to 
methods  of  pest  control 

• Maintain  liaison  with  national  and  international  bodies  active 
in  the  field  of  pesticide  safety. 

• Receive, summarize,  and  distribute  data  from  pesticide  monitor- 
ing programs  related  to  human  health  and  welfare. 

Pesticide  protection  teams  should  be  developed  from  existing  local 
personnel  and  coordinated  with  Federal  and  State  personnel  and 
facilities  from  agriculture,  wildlife  and  public  health.  They  would: 

• Augment  existing  agricultural  extension  and  fish  and  wildlife 
efforts  relating  to  pesticides  and  thereby  guide  local  usage  and 
safeguards. 
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* Improve  local  surveillance  of  pesticide  contamination,  facili- 
tate monitoring  of  human  tissue  residues  of  pesticides,  and 
investigate  usage  patterns  and  episodes  of  human  toxicity. 

• Provide  a rapid  flow  of  local  information  based  on  the  above 
activities,  to  and  from  the  clearinghouse,  especially  concerning 
any  emergency  related  to  pesticides. 

* Inform  the  public,  users  of  pesticides,  local  government  and 
enforcement  agencies,  and  others  in  the  proper  and  safe  uses 
of  pesticides,  techniques  for  disposal,  and  other  matters. 

• Stimulate  local  awareness  ar.d  constructive  concern  essential 
for  optimal  use  of  pesticides. 

Recommendation  10: 

Increase  Federal  support  of  research  on  all  methods  of  pest  control , 
the  effects  of  pesticides  on  human  health  and  on  the  ecosystems , and 
on  improved  techniques  for  prediction  of  human  effects. 

> The  scientific  talent  of  the  Nation  should  be  mobilised  more  effec- 
tively to  resolve  the  problems  associated  with  the  control  of  pests. 
This  will  require  increased  Federal  support  of  intra-  and  extra- 
mural research  and  development  by  all  Departments  concerned  with 
pesticides. 

In  order  better  to  assess  the  toxic  effects  of  pest  control  agents  on 
nontarget  organisms  and  on  human  health,  research  should  be  ex- 
panded relative  to  the  metabolism  and  degradation  of  pesticides 
and  their  effects  on  the  integrated  systems  by  which  organisms  de- 
rive energy,  build  protoplasm,  and  reproduce.  Additional  studies 
on  teratogenesis,  mutagenesis,  and  carcinogenesis  must  be  supported. 
Epidemiologic  and  pathologic  relationships  as  may  exist  between 
pesticides  and  hematologic,  metabolic,  neurologic,  cardiovascular,  and 
pulmonary  diseases,  pregnancy  losses,  and  cancer  must  be  studied  in 
appropriate  communities  and  population  groups. 

The  nature  and  extent  of  any  interactions  that  may  exist  between 
pesticides  and  other  factors  in  the  environment  require  further  elucida- 
tion. Improved  scientific  methods  and  protocols  should  be  developed 
to  assess  duse-response  and  metabolic  phenomena  related  to  the  bio- 
logical effects  of  pest  control  chemicals  in  various  species  in  order 
to  increase  the  accuracy  of  extrapolative  predictions  concerning  human 
effects. 

The  economic  costs  of  pesticides  should  be  evaluated.  This  should 
include  the  hidden  costs  to  man  resulting  from  the  uses  of  pesticides. 
Accurate  quantitative  data  on  environmental  contamination  and 
damage  to  nontarget  species  by  pesticides  should  be  obtained  in  order 
to  assess  the  impact  of  the  total  global  burden  of  pesticide  residues. 
The  Department  of  Agriculture  undertakes  to  determine  the  economic 


impact  of  changes  in  pesticide  usage,  and  such  information  should  be 
incorporated  in  this  evaluation. 

Cooperative  Federal  and  State  programs  of  research,  training,  and 
demonstration  aimed  at  the  solution  of  practical  pest  control  problems 
should  be  expanded.  The  U.S.  Department  of  Agriculture  and  the 
Department  of  the  Interior  should  make  greater  use  of  cooperative 
agreements  and  grant  support  for  these  purposes.  Such  support  would 
lead  to: 

a.  Better  evaluation  of  the  benefits  of  pesticides  used  for  various 
purposes  in  the  context  of  alternative  methods  of  pest  control, 
i ncl  ud  ing  combi  na  t i ons  of  pest  cont  rol  met  hods ; 

b.  Development  of  less  hazardous  pest  control  chemicals  with 
high  target  specificity  and  minimal  environmental  persistence; 

c.  Comprehension  of  the  nontarget  effects  of  pesticides;  and 

d.  Reduced  damage  to  the  environment. 

Recommendation  il: 

Provide  incentive*  to  industry  to  encotuage  the  development  of 
more  tpccific  jh»(  control  chemical*. 

Incentives  should  be  provided  to  industry  to  encourage  the  develop- 
ment of  safer  chemicals  with  high  target  specificity,  minimal  environ- 
mental persistence,  and  few,  if  any,  side  effects  on  nontarget  species. 
Developmental  costs  will  be  disproportionately  high  in  relation  to 
profits  from  the  lower  volume  of  sales  of  more  specific  chemicals 
which  will  be  used  selectively.  The  high  cost  of  development  will 
discourage  investments  unless  incentives  are  provided. 

In  order  to  encourage  joint  developmental  efforts  by  Government 
and  industry,  consideration  should  be  given  to  the  applicability  of  the 
present  patent  laws  and  practices.  The  working  life  of  a patent  is  in 
effect  shortened  by  the  extended  period  required  to  secure  approval 
and  registration.  Moreover,  the  assignment  of  patents  to  public  owner- 
ship rather  than  to  licensees  reduces  the  incentive  for  private  enter- 
prise to  undertake  the  financial  burden  of  approval  and  registration. 

Recommendation  12: 

Review  and  consider  the  adequacy  of  legislation  and  regulation 
designed  to: 

1.  Improve  the  effectiveness  of  labeling  and  instructions  to  users. 

a.  Advertising  inconsistent  with  the  label  should  be 
prohibited. 

b.  An  entirely  new  scheme  of  denoting  relative  toxicity 
should  be  devised.  The  average  consumer  does  not  under- 
stand the  progression  from  caution,  to  'earning,  to  poi- 
son. A need  exists  for  a nonlanguage  (graphic  or  numeri- 
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cal)  representation  of  oral  inhalation  and  dermal  toxicity 
to  enable  consumers  to  select  less  hazardous  materials. 

c.  Effective  labeling  practices  and  instructions  to  users  re- 

quire use  of  common  (generic)  names  for  all  pesticides, 
and  the  conveying  of  clear  directions  for  and  information 
about  proper  use,  dangers,  and  first  aid.  Printing  should 
be  readable  and  multilingual  e-hen  that  is  appropriate. 

d.  When  the  chemical  is  known  to  be  especially  hazardous 
to  some  type  of  organism,  as  toxaphene  is  for  fish,  this 
should  be  stated. 

e.  Instructions  should  also  offer  clear  directions  for  safe 
disposal  of  the  empty  container  and  of  any  unused 
material. 

2.  Extend  the  present  concept  of  experimental  permits  as  a mech- 
anism to  register  pesticides  initially  on  a restricted  basis  to 
enable  close  observation,  documentation,  and  reassessment  of 
direct  and  indirect  effects  under  conditions  of  practical  usage. 

3.  Improve  packaging  and  transportation  practices  in  order  to 
minimize  dangers  of  spillage  and  the  contamination  of  ve- 
hicles and  of  other  merchandise. 

4.  Provide  for  monitoring  and  control  of  effluents  from  plants 
manufacturing,  formulating,  and  using  pesticides. 

5.  Provide  uniform  indemnification  to  parties  injured  by  mis- 
takes in  pesticide  regutatory  actions  by  Federal  and  State 
authorities. 

Recommendation  19: 

Develop,  in  confutation  i cith  the  Council  o}  State  Govemmcntt, 
model  regulatioru  for  the  collection  and  ditpotal  of  vnuted  pefttcidef , 
used  container!,  and  other  petticide  contaminated  materiale. 

The  current  model  pesticide  law  recommended  by  the  Association 
of  American  Pesticide  Control  officials  does  not  cover  the  important 
problems  of  disposal  of  surplus  pesticides  and  of  U9ed  pesticide  con- 
tainers. Regulations  to  control  these  important  sources  of  contamina- 
tion and  of  accidental  poisonings  properly  belong  in  State  or  local 
codes. 

An  additional  feature  that  should  be  included  in  a model  law  is 
registration,  possibly  by  social  security  number,  of  all  workers  em- 
ployed in  manufacturing  or  applying  especially  hazardous  pesticides. 
This  would  facilitate  implementation  of  measures  to  protect  them 
from  hazardous  exposures  as  well  as  to  expedite  epidemiological  in- 
vestigation of  adverse  effects  of  pesticides  on  human  health. 
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Recommendation  14: 

Increase  participation  in  international  cooperative  efforts  to  promote 
safe  and  effective  usage  of  pesticides. 

DDT  is  widely  distributed  throughout  the  global  environment. 
If  present  usage  patterns  continue,  or  if  other  persistent  pesticides  are 
used  in  large  quantities,  the  contamination  of  the  environment  may 
increase  with  time.  An  international  problem  exists  and  it  will  require 
international  cooperation  to  solve  it. 

Government  and  industry  should  increase  their  participation  in 
international  cooperative  efforts  to  assist  developing  nations  to  promote 
safe  and  effective  usage  of  pesticides  for  disease  prevention  and  the 
production  of  essential  foods  and  fibers.  The  risk-benefit  considera- 
tions differ  somewhat  from  country  to  country  depending  on  the 
particular  problems  encountered.  Roth  benefits  and  hacards  of  using 
a pesticide  must  be  evaluated  carefully  in  order  to  determine  the  appro- 
priateness of  use  in  a given  area. 

The  U.S.  Government  should  assume  leadership  in  studying  the 
inherent  health  hazards  of  pesticide  usage  and  cooperate  in  the  training 
of  technical  personnel  from  other  countries. 
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tJSKS  AND  HKNKKITS  OK  l'KSTK'lDKS 
Summary  and  ('tixnxsioxs 

The  production  mid  use  of  pesticides  in  the  United  States  is  expected 
to  continue  to  grow  at  an  annual  rate  of  approximately  15  |*rcent. 
Predictions  arc  that  insecticides  will  more  t linn  double  in  use  by 
1075  and  herbicides  will  increase  at  nil  even  mow  accelerated  pace. 
The  foreign  use  of  pesticides  will  likewise  continue  to  increase  with 
the  organochlorine  and  orgauopliosphorns  insecticides  continuing  to 
represent  a significant  pail  of  the  foreign  market. 

The  use  of  I)I)T  in  domestic  pest  control  programs  is  rapidly  de- 
clining with  the  major  need  reported  to  be  associated  with  cotton 
production  in  the  Southeastern  United  States.  Although  the  total 
production  is  declining,  an  increasing  quantity  is  being  purchased  bv 
AID  and  UNICEF  for  foreign  malaria  programs. 

Most  other  i>ersistent  |>esl icicles  have  continued  to  slecline  in  use 
since  1D57,  a trend  that  will  continue  with  the  remaining  uses  living 
primarily  nonagriculturnl,  The  shift  to  nonpersistent  pesticides  will 
continue  at  an  accelerated  rate,  however,  there  will  lie  n continued 
need  for  use  of  persistent  materials  for  the  control  of  selected  pest 
problems. 

Although  imaginative  and  exciting  research  is  in  progiess,  non- 
insecticidal  control  technique?;  aw  not  likely  to  have  a significant 
impact  on  the  use  of  insecticides  in  the  foreseeable  future.  There  is 
evidence  of  an  increased  appreciation  for  the  use  of  integrated  con- 
fix)) in  the  management  of  pest  populations  with  less  insistent  and 
more  selective  insecticides  playing  nn  important  part. 

There  is  a serious  lack  of  information  available  on  i*$tioide  use 
patterns,  particularly  as  they  relate  to  nonagricullural  uses,  Likew  ise, 
available  data  are  usually  not  nMainable  for  a proper  evaluation  of 
tlie  economic  implications  of  jiesticide  use.  The  United  States  activity 
in  international  |*st  control  programs  is  complicated  by  the  magnitude 
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of  involvement  and  the  complexity  of  diplomatic  and  agency  respon- 
sibilities. There  are  many  factors  that  are  influencing  the  changing 
use  patterns  o*  pesticides.  In  addition  to  new  pest  infestations,  resist- 
a nee  to  selected  pesticides,  alterations  in  the  economics  of  crop  pro- 
duction, and  changing  agricultural  and  social  patterns,  the  impact  of 
public  opinion  is  having  a growing  influence  on  the  use  of  pesticides. 
The  increased  concern  for  new  legislation  and  regulation  of  the 
manufacture,  sale,  and  use  of  pesticides  must  not  be  so  structured 
as  to  destroy  the  incentive  for  development  of  new  pesticides  more 
compatible  with  other  desirable  environmental  qualities. 


CONTAMINATION 


Summary  and  Conclusions 

The  subgroup  on  contamination  has  examined  the  present  status  of 
knowledge  on  the  dissemination  of  pesticides  into  the  environment,  the 
mechanisms  and  rates  at  which  they  accumulate  in  various  elements 
of  the  environment,  and  methods  by  which  pesticides  might  be  con- 
trolled so  that  their  presence  in  the  environment  would  pose  a minimal 
hazard  to  society  consistent  with  the  benefits  to  be  obtained  from 
their  use. 

The  subgroup  has  examined:  a)  The  air  route  by  which  pesticides 
are  applied  and  distributed  in  the  biosphere;  b)  the  water  route; 
c)  the  food  route;  d)  soil  contamination;  e)  household  uses  of  pes- 
ticides; f)  occupational  exposures  resu1<;i  ~ from  the  manufacture 


and  application  of  pesticides,  and  aec; 
use ; g)  alternatives  to  the  use  of  persb 
ing  of  pesticides  in  the  environment ; 
in  the  environment. 

Much  contamination  and  damage 
uncontrolled,  unmonitored  and  exa 
situations  where  properly  supervisee 
confine  them  to  target  areas  and  org 
necessary  for  their  beneficial  use  wit  I 
Research  investigations,  demonstra( 
reveal  that  the  careful  application  of 
use  of  techniques  presently  availab] 
expected  to  reduce  contamination  of  i 
tion  of  the  current  level  without  redin 
organisms. 

The  present  piecemeal  involvement 
pesticide  control  requires  more  than  t 
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As  human  health  and  welfare  are  the  values  of  prime  concern,  the 
DHEW  should  provide  a lead  in  the  establishment  of  a mechanism 
for  administering  pesticide  control  programs. 

Ad  hoc  studies  of  pesticides  in  the  environment  are  not  adequate  to 
assess  the  inputs  of  pesticides  to  the  biosphere,  their  degradation* 
translocation,  movement  and  rates  of  accumulation.  Monitoring  is  con- 
ducted by  a large  number  of  agencies,  but  in  each  instance  the  monitor- 
ing is  related  to  a specific  mission  of  the  agency.  Therefore,  a single 
agency  should  take  the  initiative  to  insure  the  effective  monitoring 
of  the  total  environment,  and  the  filling  of  gaps  in  data  such  as  for 
oceans  and  ground  water,  as  they  are  identified.  A continuous  systems 
analysis  of  pest  icides  in  the  environment  needs  to  be  conducted. 

Aerial  spraying  should  be  confined  to  specific  conditions  of  lapse 
and  wind  that  will  preclude  drift.  Regulations  to  limit  aerial  applica- 
tion to  specific  weather  conditions  would  be  helpful  in  providing 
guidance  for  regulatory  programs.  Increased  engineering  development 
effort  is  needed  for  the  design  of  equipment  for,  and  the  adaptation 
of  helicopters  to  the  aerial  spraying  of  pesticides. 

Tho  use  of  low  volume  concentrated  sprays  should  be  encouraged. 
Since  this  technique,  if  it  is  not  properly  controlled,  can  be  more  haz- 
ardous to  workers,  effective  regulations  must  precede  its  increased  use. 

Increased  information  is  needed  on  the  degree  of  exposure  of  tho 
general  population  to  pesticides  used  for  household,  lawn,  and  garden- 
ing purposes.  More  effective  means  for  regulation  and  control  of  pesti- 
cide use  by  the  general  public  should  he  instituted,  possibly  by  licensing 
of  distribution  outlets. 

The  use  of  lindane  and  similarly  toxic  materials  which  act  by  evapo- 
ration must  be  discontinued  where  humans  or  foods  are  subject  to 
exposure,  such  as  in  homes,  restaurants,  and  schools. 

Thero  is  a vastly  increased  need  for  the  education  of  the  general 
public  in  the  management  of  pesticides  and  in  the  training  of  profes- 
sional applicators.  Public  communications  media,  schools  ami  univer- 
sities all  have  important  roles  to  play. 

Labeling  regulations  must  also  be  improved.  Print  should  be  en- 
larged and  language  should  be  made  intelligible  for  the  lay  public. 
A need  exists  for  nonlangnagc,  internationally  intelligible  insignia  or 
markings  that  will  advise  the  user  of  the  degree  of  toxicity  and  per- 
sistance  of  tho  product,  its  method  of  application,  and  the  target 
organisms. 

Moro  vigorous  effort  is  needed  to  replace  the  persistent,  toxic,  and 
broad-spectrum  pesticides  with  chemicals  that  are  less  persistent  and 
moro  specific.  Certain  of  the  less-persistent  pesticides,  however,  may 
be  more  toxic  to  humans  and  therefore  effective  regulation  of  their 
application  is  required  to  insure  against  injury  to  personnel. 


Integrated  control  techniques  for  the  control  of  select  pests  promises 
to  effect  a reduced  usage  of  pesticides,  Such  alternative  techniques 
should  he  more  widely  applied. 

Licensing  of  commercial  pesticide  applicators,  as  well  as  other  large- 
scale  applicators  of  hazardous  materials  should  he  required. 

Analytical  methods,  although  extremely  good,  require  further  de- 
velopment. Need  exists  for  standardizing  or  referencing  additional 
techniques,  even  on  an  international  basis.  There  is  need  for  l>oth 
less  sophisticated  techniques  for  Held  use  as  well  as  for  automated 
techniques  for  wide-scale  monitoring. 

Standards  for  selected  pesticides  should  be  included  in  the  Public 
Health  Service  “Drinking  Water  Standards’.  Although  guidelines 
ancl  criteria  for  some  pesticides  have  been  delineated,  they  have  never 
been  officially  established. 

Prior  to  application  of  pesticides  to  waters  for  the  control  of  weeds, 
snails,  mosquitoes,  and  in  other  aquatic  uses,  a careful  analysis  should 
be  made  of  the  proposed  pesticide  characteristics  with  respect  to  the 
uses  of  the  target  area.  Special  concern  is  indicated  where  domestic 
water  supply  is  involved,  or  where  food-chain  concentration  may 
occur. 

Steps  should  bo  taken  to  prevent  the  simultaneous  shipment  of 
pesticides  and  foodstuffs  within  tho  same  vehicle.  Comprehensive 
regulations  for  pesticide  transportation  aro  required. 

Safe  methods  of  disposal  of  pesticides,  their  wastes,  and  containers 
aro  needed  to  prevent  tho  contaimination  of  the  environment  and  to 
protect  individuals  from  contamination  and  accidents. 

Intensified  research  and  development  is  needed  in  the  following 
areas,  among  others: 

a.  Prediction  of  the  micromctcorologicnl  conditions  suitable 
for  aerial  spraying. 

b.  Application  of  systems  analysis  to  tho  pcsticidc-cnviromcnt 
problem. 

c.  Pesticide  chcmodynamics,  with  emphasis  on  reservoirs  of 
storage. 

d.  More  intensive  development  of  1 css-persistcnt  pesticides 
with  narrow  spectra  of  toxicity. 

e.  Continuing  development  of  spray  devices  with  narrow 
spectra  of  droplet  sizes. 

y.  Continuing  development  of  alternatives  to  chemical  control 
of  pests. 

g.  Creation  of  more  suitable  materials  for  pesticide  packaging 
and  containers  to  facilitate  safe  transfer,  handling  use,  and 
disposal. 
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h.  Treatment  processes  for  the  elimination  of  pcstk’ucs  from 
domestic  water  supplies  os  well  os  from  wastowaters, 

i.  Immediate  studies  of  tho  effects  of  pesticide  residues  on 
algal  photosynthctic  activity. 


EFFECTS  ON  NONTARGET  ORGANISMS  OTHER 
THAN  MAN 

StTMilARY  AND  CONCLTJBIONS 

Man  is  nn  integral  part  of  the  living  system,  which  includes  about 
200,000  species  in  the  United  States.  Most  of  these  are  considered  to 
bo  essential  to  the  well-being  of  man.  Pesticides  are  now  affecting  indi- 
viduals, populations,  and  communities  of  natural  organisms.  Some, 
especially  the  persistent  insecticidal  chemicals  such  as  DDT,  have  re- 
duced tho  reproduction  and  survival  of  nontarget  species. 

Pesticides  are  dispersed  via  air,  water,  and  tho  movements  of  organ- 
isms. The  most  significant  concentrations  are  found  in  and  near  the 
areas  of  intensive  use,  but  traces  have  been  found  in  the  Antarctic  and 
other  areas  far  from  application.  Pesticides  have  reduced  the  popula- 
tions of  several  wild  species.  Both  extensive  field  data  and  the  results 
of  excellent  controlled  experiments  demonstrate  that  certain  birds, 
fishes,  and  insects  arc  especially  vulnerable.  There  are  suggestions  that 
pesticides  in  the  environment  may  adversely  affect  processes  as  funda- 
mental to  the  biosphere  as  photosynthesis  in  the  oceans. 

However,  the  scarcity  of  information  concerning  the  influences  of 
pesticides  on  natural  populations  prevents  adequate  assessment  of 
their  total  effects.  Less  than  1 percent  of  the  species  in  the  United 
States  have  been  studied  in  this  connection,  and  very  few  of  these 
have  been  subjected  to  adequate  observation.  Present  methods  and  pro- 
grams for  determining  the  influences  of  pesticides  on  nontarget  organ- 
isms are  inadequate.  Little  data  exists  on  the  distribution,  location,  and 
impact  of  various  pest  control  chemicals  in  the  natural  living  systems 
of  tho  world. 

The  general  nature  of  the  effects  of  pesticides  on  nontarget  species 
populations  and  communities  can  now  be  suggested.  Although  there 
is  usually  greater  similarity  of  reaction  between  closely  related  species, 
each  species  reacts  differently  to  specific  pesticides,  DDT,  for  example, 
causes  egg  shell  thinning  in  ducks  and  falcons,  but  not  in  pheasants 
and  quail.  Pesticides  from  the  air,  water,  and  soil  may  be  concentrated 
in  the  bodies  of  organisms.  The  concentrating  effect  is  frequently  en- 
hanced as  one  species  feeds  on  another  and  passes  the  pesticide  from 
one  link  to  another  in  the  food  chain.  Hence,  predators  like  some  birds 
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and  fish  may  be  exposed  to  levels  several  thousand  times  the  concen- 
tration in  the  physical  environment.  Some  nontarget  organisms  can, 
under  highly  selective  pressure  from  pesticides,  evolve  resistance  to 
them.  The  surviving  resistant  individuals  may  pass  extremely  high 
concentrations  to  their  predators.  In  communities  exposed  to  pesticides, 
the  total  number  of  species  is  usually  reduced  and  the  stability  of  popu- 
lations within  the  community  is  upset.  Often,  beneficial  species  are 
unintentionally  eliminated.  Such  a reduction  in  the  number  of  species 
is  frequently  followed  by  outbreaks  or  population  explosions  in  some 
<;f  the  surviving  species,  usually  those  in  the  lower  parts  of  the  food 
chain,  When  a vital  link  low  in  the  food  chain  is  eliminated,  many 
predators  and  parasites  higher  in  the  food  chain  are  often  also 
destroyed. 

The  Committee  has  reached  the  following  conclusions: 

1.  Adequate  methods  should  he  developed  and  utilized  for  evalu- 
ation of  the  hidden  costs  of  the  uses  of  pesticides. 

Such  evaluation  is  essential  as  part  of  the  development  of  use- 
ful estimates  of  all  of  the  benefits  and  costs  to  society.  Some 
partial  estimates  of  the  direct  benefits  are  available  and  useful. 
Adequate  data  are  not.  available  on  such  indirect  costs  as  losses 
of  useful  fish  and  wildlife,  damage  to  other  species,  and  any 
esthetic  effects.  These  are  required  to  guide  rational  decisions 
on  the  pioper  uses  and  control  of  pesticides  so  that  the  net  gains 
will  be  as  great  as  possible  while  the  net  losses  are  minimal. 

2.  Persistent  chlorinated  hydrocarbon  hich  have  a broad  spec- 
trum of  biological  effects,  including  DDT,  DDD,  aldrin,  chlordane, 
dieldrin,  endrin,  heptachlor,  and  toxaphene,  should  be  progressively 
removed  from  general  use  over  the  next  2 years. 

These  pesticides  are  causing  serious  damage  to  certain  birds, 
fish,  and  other  nontarget  species  among  world  populations. 
Some  of  these  species  are  useful  to  man  for  food  or  recreation, 
some  are  essential  to  the  biological  systems  of  which  he  is  n part, 
and  some  merit  special  protection  because  they  are  already 
endangered. 

These  pesticides  have  value  in  specific  circumstances,  and 
we  suggest  that  they  be  used  only  under  license  and  with  spe- 
cial permits.  The  system  for  assuring  this  careful  use  should 
be  established  as  the  unrestricted  use  of  these  materials  is 
phased  out  over  the  2-year  period. 

3.  The  release  of  biocidal  materials  into  the  environment  should 
l>e  drastically  reduced. 
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In  addition  to  restriction  of  the  use  of  hazardous  pesticides, 
many  techniques  can  be  applied  which  will  minimize  the  re* 
lease  of  pest  control  chemicals.  In  industry,  improved  chenv 
ical  and  engineering  processes  could  reduce  the  quantity  of 
contaminated  wash  water;  more  effective  methods  can  be 
developed  for  disposal  of  unused  stocks  and  residues  of  pesti- 
cides; and  improved  surveillance  of  effluents  Would  be  de- 
sirable. For  homo  use,  improved  materials  and  irolhods  of 
application  can  be  created  and  employed  with  greater  discre- 
tion on  the  part  of  the  individuals  involved.  For  large-scale 
applications,  conversion  to  integrated  methods  of  pest  control, 
care  in  the  selection  and  application  of  specific  chemicals,  and 
preference  for  short-lived  pesticides  would  reduce  release  to 
the  environment. 

These  efforts,  combined  with  increased  research  and  educa- 
tion, would  slowly  but  effectively  reduce  the  damage  to  non- 
target species. 

4.  The  U.  S.  Department  of  Health,  Education,  and  Welfare 
or  another  Federal  agency  should  negotiate  a contract  with  a suitable 
national  professional  organization  to  develop  a system,  complete 
with  standards  of  training,  testing,  and  enforcement,  for  the  effective 
restriction  of  use  of  selected  pesticides  known  to  be  especially  haz- 
ardous to  man  or  to  elements  of  the  environment. 

To  achieve  an  adequate  and  prompt  further  reduction  in 
the  use  of  certain  pesticides  and  still  permit  their  use  where 
no  adequate  substitute  is  acceptable,  there  must  be  a system 
of  regulation  based  upon  State  or  local  authority  but  using 
uniform  national  standards.  This  system  should  provide  for 
use  of  the  selected  pesticides  only  by  or  under  the  immediate 
supervision  of  a licensed  operator  meeting  certain  standards 
of  training,  competence,  and  ethics. 

5.  Educational  efforts  relating  to  the  proper  and  improper  usages 
of  pesticides  should  be  improved  and  expanded. 

The  most  important  element  in  the  wise  use  of  pesticides 
is  the  individual  person  who  selects  the  chemical  to  be  used  and 
decides  upon  the  methods  of  application.  Suggestions  have 
been  provided  elsewhere  for  the  proper  training  of  all  large- 
scale  applicators.  It  is  equally  important  that  homeowners, 
gardeners,  students,  legislators,  civic  officials,  and  others  receive 
adequate  and  correct  information  and  develop  proper  atti- 
tudes. Such  education  could  contribute  greatly  to  wise  use  of 
pesticides,  and  also  to  rational  response  to  governmental  efforts 


to  protect  public  health  and  welfa.e  while  paining  as  much 
advantage  as  possible  from  pest  control  methods. 

6.  All  pertinent  Federal  and  State  agencies  should  review  and 
improve  policies  and  practices  of  pesticide  use. 

The  beneficial  uses  of  pesticides  have  been  accompanied  by 
a wide  variety  of  policies  and  practices  which  have  sometimes 
been  wasteful,  unnecessarily  destructive,  or  ineffective.  We 
offer  the  following  suggestions  to  be  included  among  the  guide- 
lines for  wise  use  of  pesticides: 

i . ^sticides  should  be  applied  only  when  there  is  evidence 
that  k>est  densities  will  reach  a significant  damage  threshold. 

b.  Effective  pest  control  does  not  usually  require  eradication 
of  the  pest  species,  and  should  be  directed  toward  optimal 
management  of  pest  densities. 

c.  Support  for  research  and  demonstrations  should  be  pro- 
vided to  projects  based  on  the  systems  approach  to  pest  manage- 
ment and  control. 

d.  Diversity  of  species  is  biologically  desirable  since  it  con- 
tributes to  the  stability  and  efficiency  of  life  systems. 

e.  No  species  should  be  eradicated  except  as  a carefully  se- 
lected pest  and  when  compensat  ing  human  gains  are  ecologically 
sound  and  clearly  established. 

f.  Special  care  must  bo  taken  to  prevent  any  damage  to  the 
species  and  mechanisms  which  are  of  fundamental  importance 
to  biological  systems.  For  example,  oceanic  phytoplankton  pro- 
duces most  of  the  oxygen  necessary  for  the  earth’s  biological 
system. 

g.  Requirements  for  food  quality  should  not  be  so  high  as  to 
require  excessive  use  of  pesticides.  Customer  preference,  and 
regulatory  requirements,  for  unblemished  fruit  and  vegetables 
and  the  complete  absence  of  insect  parts  have  encouraged  heavy 
use  of  pesticides. 

h.  New  pesticides  should  be  given  interim  approval  which 
permits  contained  use  in  limited  but  typical  circumstances 
prior  to  general  approval.  The  pattern  of  careful  progressive 
risks  would  encourage  new  developments  without  endangering 
the  public  interest. 

i.  Effective  incentives  should  be  established  to  encourage  the 
development  of  improved  pest  control  techniques.  The  cost  of 
entering  a new  product  or  testing  a different  control  technique  is 
high.  Since  effects  on  the  national  welfare  are  involved,  proper 
governmental  encouragement  of  private  industrial  efforts  may 
be  appropriate. 
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7.  Registration  requirements  should  bo  strengthened  and  rede- 
signed to  permit  initial  provisional  approval,  then  general  use  ap- 
proval, and  to  require  periodic  review  and  re-registration  of  materials. 

Registration  of  pesticides  offers  the  most  important  oppor- 
tunity for  estimating  potential  benefits  and  costs  in  advance 
of  wide  usage.  In  addition  to  present  registration  application 
information,  useful  estimates  should  be  provided  of  the  per- 
sistence of  the  pesticide,  on  the  breadth  of  its  biological  impact, 
and  on  its  fate.  These  will  disclose  the  nature  and  possible  mag- 
nitude of  the  nontarget  effects.  If  approval  is  appropriate,  we 
suggest  that  it  be  for  a short-term  period  and  for  use  under 
defined  circumstances  where  risks  arc  confined,  and  that  general 
use  be  considered  after  such  field  experience.  Since  some  of  the 
significant  effects  in  uontarget  species  are  subtle,  snblethal,  and 
difficult  to  detect,  we  recommend  that  all  pesticides  be  subject 
to  periodic  review  and  approval. 

8.  All  commercial  applications  and  other  large-scale  applications 
of  pesticides  should  be  performed  under  the  supervision  of  competent 
trained  persons. 

The  complex  responsibilities  of  pesticide  application  involve 
both  achievement  of  the  greatest  possible  benefit  and  maximum 
prevention  of  damage.  These  require  considerable  knowledge  of 
the  management  of  crops,  the  biology  of  desirable  and  unde- 
sirable species,  the  effects  of  weather,  and  the  effects  of  biocide 
in  the  ecosystems.  They  also  require  application  of  professional 
judgment  and  use  of  professional  standards  of  conduct  and 
responsibility.  We  suggest  that  all  such  applicators  should  be 
properly  trained,  required  to  demonstrate  their  competence,  and 
awarded  evidence  of  their  ability.  Incentives  in  the  forms  of 
salary  and  recognition  will  be  needed  to  encourage  such  pro- 
fessional training. 

Training  programs  for  pest  management  specialists  of  all 
types,  including  applicators,  should  include  the  concepts  of  sys- 
tems approaches  to  pest  control  and  emphasize  the  relationships 
between  pest  management  activities  and  the  total  biological 
community  affected. 

Since  new  information  is  emerging  rapidly  in  pest  manage- 
ment, refresher  courses  for  county  agricultural  agents,  appli- 
cators and  others  involved  in  the  uses  of  pesticides  and  other 
control  techniques  would  be  of  special  value. 

9.  The  production  of  additional  information  and  comprehension 
should  be  encouraged  ami  supported  on  many  aspects  of  pesticide  use 
and  effects. 
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Experience  with  pesticides  lias  revealed  many  serious  praps  in 
available  knowledge.  Research  is  urgently  needed  on  many  gen- 
eral and  specific  problems.  The  following  problems  are  all  re- 
lated to  noutarget  effects  of  pesticides,  and  many  of  them  are 
also  ))ertinent  to  other  areas  of  pesticide  use,  to  successful  man- 
agement of  animals  and  plants,  and  to  fundamental  science* 

a.  What  are  the  acute  effects  of  the  common  pesticides  when 
used  on  the  many  species  of  wildlife  and  other  organisms  which 
may  be  exposed  to  them  ? 

b.  What  are  the  effects  of  indirect  and  chronic  exposure? 

e.  Wliat  is  the  nature  and  magnitude  of  the  effects  of  insecti- 
cides on  l>eneficial  insects  and  other  species? 

d.  What  are  the  normal  patterns  and  variations  in  natural 
biotic  communities,  as  baselines  for  understanding  future  pesti- 
cide pollution  effects? 

e.  What  mechanisms  exert  natural  control  on  various  pest 
populations? 

f.  How  can  we  best  estimate  pest  populations  and  predict 
their  trends? 

g.  What  are  the  full  potentials  and  realistic  limitations  of  the 
pest  control  methods  which  are  suggested  as  alternatives  to 
chemical  |>esticides,  including  predators,  parasites,  pathogens, 
cultural  control,  sterilization,  attractnnts,  repellants,  genetic 
manipulation,  and  integrated  approaches? 

h.  What  improvements  are  possible  for  pesticide  packaging 
and  disposal  (including  degradable  containers)  to  minimize 
threats  to  noutarget  species? 

10.  A vigorous  specific  program  should  be  created  to  bring  the  100 
most  serious  insect  |>cst  species  of  the  United  States  under  optimal 
control. 

These  require  aboutJW  percent  of  the  insecticides  now  in  use. 
Dramatic  focusing  of  attention  on  the  “100  worst*  could  lead  to 
rapid  improvement  in  the  species-specific  insecticides,  bio- 
logical control  methods,  or  integrated  control  programs. 

11.  The  responsibilities  of  the  several  Federal  agencies  involved 
in  pesticide  regulation  and  control  must  be  more  clearly  defined  and 
certain  specific  activities  should  be  improved  or  initiated  by  appro- 
priate agencies. 

Procedures  and  patterns  for  the  regulation  and  control  of 
pesticide  use  have  emerged  during  the  last  30  years  in  response 
to  changes  in  law,  evolving  practices  in  agriculture,  production 
of  new  chemical  materials,  changing  public  concern  with  health 
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effects  and  nontarget  damage,  emerging  scientific  comprehen- 
sion of  benefits  and  costs,  and  other  unstructured  events.  Both 
benefits  and  costs  are  now  so  large  as  to  merit  the  national  allo- 
cation of  responsibilities.  We  suggest  careful  review  and 
reassignment,  by  law  if  necessary,  of  the  proper  role  of — 

a.  The  Department  of  Interior,  charged  with  protection  and 
enhancement  of  nonngricultural  resources  and  with  water 
quality  control, 

b.  The  Department  of  Agriculture,  charged  with  assisting  in 
the  maximum  production  of  food,  fibers,  and  other  culturable 
crops  in  ways  which  are  not  detrimental  to  other  interests. 

c.  The  Department  of  Health,  Education,  and  Welfare, 
charged  with  protection  and  improvement  of  human  health  and 
welfare, 

d.  The  National  Science  Foundation,  responsible  for  im- 
proved comprehension  of  fundamental  processes  and  assisting 
in  their  application  for  human  benefit. 

e.  The  Environmental  Quality  Council,  Federal  Committee 
on  Pest  Control,  and  other  coordinating  agencies. 

Other  agencies  are,  of  course,  involved  as  users  of  pesticides 
and  in  other  functions.  Those  listed  above,  however,  appear 
to  comprise  the  areas  of  primary  attention.  In  addition  to  pres- 
ent programs  and  activities  related  to  pesticides,  we  suggest 
the  following  services  for  new  or  additional  emphasis: 

a.  A taxonomic  and  identification  service  should  be  estab- 
lished to  provide  increased  knowledge  and  reference  standards 
for  biological  investigations  related  to  all  fields  of  pest  control. 

b.  Broader  monitoring  should  be  undertaken  of  the  types 
and  quantities  of  pesticide  transmitted  by  various  means  and 
reaching  nontarget  species.  Bioaccumulators  like  oysters  and 
other  molluscs  can  be  unusually  useful  as  indicators,  and  the 
levels  of  concentrations  in  predatory  species  are  of  special 
importance. 

c.  Early  indications  of  undesirable  effects  must  be  detected 
effectively  and  followed  by  appropriate  action.  When  the  early 
warning  system  suggests  a potential  pollution  hazard  in  the 
environment,  the  acquisition  of  additional  pertinent  informa- 
tion by  the  scientific  community  should  be  supported. 

d.  Multidisciplinary  investigations  of  alternative  control 
techniques  should  be  carried  out  whenever  present  control  meth- 
ods are  shown  to  contain  potential  hazards. 

e.  A single  agency  should  assume  the  responsibility  for 
assimilating  information  oil  the  effects  of  pesticides  on  nontar- 
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get  species  and  transmitting  it  to  appropriate  regulatory  and 
educational  centers. 

f.  Measurable  predictors  of  potential  hazards  from  pesti- 
cide use  should  be  agreed  upon  and  might  be  made  the  basis 
of  a handicap  tax  to  be  applied  to  each  pesticide  in  proportion 
to  its  pollution  hazard. 

EFFECTS  OF  PESTICIDES  ON  MAN 
Summary  and  Conclusions 

The  scope  of  this  report  is  intended  to  encompass  the  present  state 
of  knowledge  concerning  the  nature,  extent  and  consequences  of  hu- 
man exposure  to  pesticides.  Data  relating  to  exposure  of  experimental 
animals  have  been  reviewed  only  insofar  as  they  contribute  to  our 
understanding  of  phenomena  encountered  in  man  or  provide  knowl- 
edge in  areas  where  human  data  are  meager  or  totally  lacking. 

No  human  activity  is  entirely  without  risk  and  this  maxim  holds 
for  pesticide  usage  in  the  human  environment  just  as  it  does  for  all 
other  exposure  to  chemicals.  There  are  formidable  inherent  difficulties 
in  fully  evaluating  the  risks  to  human  health  consequent  upon  the  use 
of  pesticides.  In  part,  those  difficulties  stem  from  the  complex  nature 
of  the  problems  involved,  the  fact  that  many  facets  of  these  problems 
have  been  recognised  only  recently,  and  the  general  backwardness  in 
this  area  of  research  in  man,  as  distinct  from  work  in  laboratory  ani- 
mals, Above  all,  one  must  not  lose  sight  of  the  large  number  of  human 
variables — such  as  age,  sex,  race,  socio-economic  status,  diet,  state  of 
health— all  of  which  can  conceivably,  or  actually  do,  profoundly  af- 
fect human  response  to  pesticides.  As  yet,  little  is  known  about  the 
effects  of  these  variables  in  practice.  Finally,  one  must  realize  that  the 
components  of  the  total  environment  of  man  interact  in  various  subtle 
ways,  so  that  the  long-term  effects  of  low-level  exposure  to  one  pesti- 
cide are  greatly  influenced  by  universal  concomitant  exposure  to  other 
pesticides  as  well  as  to  chemicals  such  as  those  in  air,  water,  food  and 
drugs.  While  all  scientists  engaged  in  this  field  desire  simple  clear- 
cut  answers  to  the  questions  posed  by  human  exposure  to  pesticides, 
the  complexity  of  the  human  environmental  situation  seldom  allows 
such  answers  to  be  obtained.  Attempts  to  extrapolate  from  the  results 
of  animal  experiments  to  man  are  also  beset  with  pitfalls.  Hence,  the 
greatest  care  needs  to  be  exercised  in  dm  wing  conclusions  regarding 
eausc-and-elTect  relationships  in  human  pesticide  exposure. 

The  available  evidence  concerning  such  human  exposure  to  pesti- 
cides derives  from  three  main  sources:  planned  and  controlled  admin- 
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istration  of  pesticides  to  human  subjects;  case  reports  of  episodes  of 
accidental  or  other  acute  poisoning;  and  epidemiological  studies, 
which  in  turn  comprise  surveys  of  occupationally-exposed  groups  (in 
accordance  with  a variety  of  retrospective  and  prospective  ap- 
proaches) , and  studies  of  the  general  population. 

Indices  of  ex|>osure  of  human  l>eings  to  ]>esticides  constitute  a vital 
link  in  the  chain  of  evidence  that  must  be  forged  in  order  to  reveal, 
interpret,  and  maintain  effective  surveillance  of,  pesticide  exposures. 
Hitherto,  the  view  that  exposure  of  the  general  population  was  pre- 
dominantly associated  with  the  presence  of  pesticide  residues  in  food 
has  been  reflected  in  the  efficient  monitoring  of  total  diet  samples  and 
individual  foods,  but  only  sporadic  attention  to  other  sources  of  ex- 
posure. It  is  now  evident  that  much  can  be  learned  by  monitoring  the 
end-product  of  human  exposure  in  the  form  of  pesticide  levels  in  body 
fluids  and  tissues  of  people.  The  information  thus  obtained  is  quite 
distinct  from,  and  at  least  as  valuable  as,  the  data  on  residues  in  food ; 
the  two  types  of  data  complement  each  other  admirably,  Provision 
of  information  on  human  levels,  in  adequately  detailed  coverage  of 
various  groups  within  the  general  population  is  seen  as  the  single 
most  immediate  step  towards  a better  understanding  and  surveillance 
of  total  exposure  from  all  sources  of  pesticides. 

Sophistication  achieved  through  the  use  of  modern  techniques  has 
made  possible  the  study  of  absorption,  disposition,  metabolism  and 
excretion  of  some  pesticides  in  man.  Experience  derived  from  animal 
studies  has  provided  guidance  in  directing  the  appropriate  procedures 
to  the  investigation  of  the  behavior  of  pesticides  in  the  human  body. 
To  date,  the  most  significant  information  of  this  sort  relates  mainly  to 
two  organochlorine  pesticide  groups,  namely  DDT  and  allied  com- 
pounds as  well  as  the  aldrin-dieldrin  group.  Knowledge  of  the  dy- 
namic aspects  of  the  behavior  of  these  two  pesticide  groups  in  the 
human  body  is  far  from  complete,  but  already  some  important  facts 
have  been  established.  In  general,  for  any  given  level  of  pesticide  in- 
take, an  equilibrium  level  of  pesticide  is  attained  in  blood  and  body 
fat,  despite  continuing  exposure.  The  precise  concentration  at  which 
the  plateau  is  established  is  directly  related  to  the  level  of  exposure 
but  also  to  other  determining  factors.  In  the  case  of  aldrin-dieldrin, 
the  blood  level  appears  to  be  a reliable  measure  of  exposure.  It  appears 
further,  that  DDT  in  blood  is  directly  related  to  recent  exposure,  while 
in  contrast  DDE  in  blood  is  a reflection  of  long  term  exposure. 

A detailed  survey  of  case  reports  of  incidents  involving  accidental 
poisoning  by  organochlorine  pesticides  reveals  that  their  general  ac- 
tion is  to  increase  the  excitability  of  the  nervous  system.  Some  of  these 
compounds  also  damage  the  liver.  Their  capacity  to  penetrate  intact 
human  skin  varies  from  one  eoni|>ound  to  another;  in  the  case  of  en- 


drin,  for  example,  percutaneous  penetration  plays  an  important  part 
in  clinical  intoxication.  Within  the  organochlorinc  group  of  com- 
pounds there  is  a wide  range  of  potential  for  acute  toxicity:  DDT  is 
relatively  safe  in  terms  of  acute  intoxication,  while  dicldrin  and  endrin 
have  produced  many  cases  of  serious  poisoning.  Lindane  presents  a 
special  problem,  inasmuch  as  it  has  been  implicated,  largely  on  the 
basis  of  circumstantial  evidence,  in  the  causation  of  hematological 
disorders.  A characteristic  of  organochlorinc  ]>oisoniiig  is  the  dif- 
ficulty of  establishing  the  correct  diagnosis.  This  is  especially  true  in 
cases  of  mild  poisoning  that  result  in  nonspecific  symptoms  and  signs, 
since  except  in  the  case  of  dieldrin  there  are  no  established  criteria  for 
diagnosis  on  the  basis  of  blood  levels.  Specific  therapeutic  measures 
do  not  exist. 

Inhibition  of  cholinesterase  enzymes  by  the  organophosphatc  pesti- 
cides appears  to  be  the  only  imi>ortant  manifestation  of  acute  or 
chronic  toxicity  produced  by  this  class  of  compounds.  Great  variation 
in  acute  toxicity  from  one  compound  to  another  characterizes  this 
group,  which  includes  some  of  the  most  toxic  materials  used  by  man. 
Cholinesterase  inhibition  results  in  a well-defined  clinical  pattern  of 
intoxication  which  can  be  readily  diagnosed.  Specific  therapeutic 
measures  arc  available  and,  provided  they  are  pressed  with  sufficient 
speed  and  vigor,  are  highly  effective.  Skin  penetration  by  orgnnoplios- 
phates  may  be  substantial.  Tn  view  of  the  toxic  potential  of  these  com- 
pounds, protection  of  workers  exposed  to  them  assumes  utmost  impor- 
tance. Protective  measures  should  include  education,  training,  pro|)er 
equipment  design,  suitable  personal  protection  devices,  careful  medical 
surveillance  and  well-organized  facilities  ready  to  treat  cases  of  |x>ison- 
ing  with  a minimum  of  delay. 

Carbamate  pesticides  are  also  cholinesterase  inhibitor  but,  because 
of  rapid  in  vitro  reactivation  of  the  enzyme,  measurement  of  cholines- 
terase activity  is  not  a reliable  guide  to  exposure.  As  with  organo- 
phosphatea,  the  toxic  |>otentin1  of  some  members  of  the  carbamate 
group  is  very  great. 

Controlled  exposure  of  human  volunteers  to  pesticides  under  close 
medical  supervision  constitutes  the  most  reliable  approach  to  the 
unequivocal  evaluation  of  long-term  effects  of  low  levels  of  pesticide 
exposure.  The  difficulties  involved  in  maintaining  such  studies  have 
inevitably  resulted  in  very  small  groups  of  subjects  l*ing  ex|xiscd  for 
any  appreciable  length  of  time.  The  longrst  studies  on  record  have 
lasted  less  than  four  years  and  the  results  can  only  reflect  the  period 
of  study.  Consequently,  the  findings,  especially  *hcn  they  are  negative, 
are  oj*»n  to  question  when  taken  by  themselves.  It  ap|*ars,  however, 
that  present  levels  of  exposure  to  DDT  among  the  general  population 
have  not  produced  any  observable  adverse  effect  in  controlled  studies 


on  volunteers.  The  same  is  true  of  aldrin-dieldrin.  These  findings  ac- 
quire greater  force  when  combined  with  obser  vations  on  other  groups, 
such  as  occupationally-exposed  persons. 

With  organophosphate  pesticides,  the  problem  of  human  residues 
does  not  arise  because  these  compounds  are  not  stored  in  body  fat. 
Here  the  risk  is  one  of  acute  poisoning.  Much  accidental  poisoning  is 
attributable  to  public  ignorance  of  the  toxicity  of  these  chemicals  and 
neglect  of  appropriate  precautions  in  their  use  and  storage.  In  de- 
veloping countries  serious  accidents  result  from  storage  of  pesticides 
in  unlabeled  bottles  and  of  food  in  used  pesticide  containers.  Epi- 
demics of  acute  poisoning  follow  spillage  of  concentrated  organophos- 
phates  into  bulk  food  or  water  sources.  The  hazard  to  human  life  is 
shared  by  fish  and  wildlife.  Regional  pesticide  protection  teams  are 
suggested  as  a means  of  investigating,  recording  and  ultimately  pre- 
venting accidents  of  this  sort. 

Industry  has  made  much  progress  towards  safe  handling  of  pesti- 
cides, Nonetheless,  a very  real  occupational  hazard  exists,  and  exten- 
sion of  preventive  measures  should  include  regular  blood  testing  for 
evidence  of  organophosphate  exposure.  A limit  for  DDT  and  other 
organochlorine  pesticides  in  blood  should  be  established  to  prevent 
overexposure. 

Pesticide  exposure  experienced  by  the  population  at  large  is  in  part 
the  legacy  of  earlier  excessive  or  injudicious  use  of  persistent  pesticides. 
Residues  of  these  compounds  have  been,  and  are  still  being  acquired 
from  all  artictes  of  diet  and  a variety  of  other  environmental  sources. 
This  is  the  major  source  of  public  concern.  Although  a number  of  per- 
sistent pesticides  can  be  identified,  attention  is  centered  on  DDT, 
and  closely-related  compounds,  the  most  ubiquitous  and  predominant 
of  all  pesticide  residues  in  man.  The  consequences  of  these  prolonged 
exposures  on  hirtnan  health  cannot  be  fully  elucidated  at  present.  Evi- 
dence from  workers  who  are  subject  to  vastly  greater  exposure  than  the 
public  is  reassuring  but  far  from  complete.  Animal  experiments  clarify 
certain  issues  but  the  results  cannot  be  extrapolated  directly  to  man. 
On  the  basis  of  present  knowledge,  the  only  unequivocal  conscquece  of 
long-term  exposure  to  persistent  pesticides,  at  the  levels  encountered 
by  the  general  population,  is  the  acquisition  of  residues  in  tissues  and 
body  fluids.  No  reliable  study  has  revealed  a causal  association  between 
the  presence  of  these  residues  and  human  disease. 

Despite  such  reassurance,  realization  of  the  paucity  of  our  knowl- 
edge in  this  area  flows  from  increasingly  sophisticated  studies  on  hu- 
man residues  of  DDT  and  related  compounds.  There  appears  to  be 
marked  geographical  stratification  of  DDT  residues  in  our  population, 
the  average  levels  in  the  cooler  isotherms  being  one-half  of  those  in 


the  warmer  climates.  None  of  these  observations  npplv  to  residues  of 
dieldrin,  Such  findings  cast  serious  doubt  on  accepted  beliefs  that 
food  is  the  predominant  source  of  DDT  residues  and  that  the  entire 
general  population  has  reached  equilibrium  as  regards  acquisition  of 
such  residues, 

Reopening  these  questions  emphasizes  the  inadequacy  of  present 
monitoring  of  exposure  by  relying  mainly  on  analysis  of  food.  This  as- 
pect was  stressed  above.  It  also  renders  more  urgent  the  need  to  con- 
tain and  eventually  greatly  reduce  the  extent  of  human  and  animal 
contamination  by  pesticide  residues.  Existing  knowledge  confirms  the 
feasibility  of  inducing  active  withdrawal  of  pesticide  residues  from  the 
human  body  but  further  research  to  achieve  a practical  meAns  of  at- 
taining this  goal  is  needed. 

A survey  of  the  reported  effects  of  pesticides  on  laboratory  animals 
lias  furnished  information  on  factors  and  experimental  conditions 
that  could  not  easily  be  reproduced  in  human  studies.  For  example, 
the  influence  of  diet  on  pesticide  toxicity,  and  particularly  lack  of 
dietary  protein,  has  revealed  substantial  increases  in  acute  toxicity 
of  gome  pesticides.  In  this  as  in  some  other  sections  of  our  report  ref- 
erence is  made  to  the  capacity  of  organochlorine  pesticides  to  bring 
about  a great  increase  in  the  activity  of  liver  enzymes  responsible  for 
the  metabolism  of  foreign  compounds.  This  phenomenon  of  enzyme  in- 
duction ha9  been  extensively  studied  in  animals  and  is  discussed  in  de- 
tail in  the  report  of  t|ie  Panel  on  Interactions.  Comparable  enzyme  in- 
duction in  the  human  liver  is  brought  about  by  many  drugs  and  also  by 
DDT.  It  is  a sad  comment  on  the  dearth  of  knowledge  of  human  physi  - 
ologv  to  point  out  that  the  threshold  dose  of  DDT  for  induction  of 
metabolizing  enzymes  in  human  liver  is  unknown. 

Special  sections  of  the  report  deal  with  the  possible  effects  of  pesti- 
cides in  bringing  about  heritable  alterations  in  the  genetic  material 
(mutagenesis),effeetson  reproduction,  including  malformations  in  the 
fetus  or  newborn  infant  (teratogenesis)  and  increasing  the  incidence 
of  various  foims  of  cflncer  (carcinogenesis).  The  data  available  relate 
only  to  experimental  animals  or  to  lower  forms  of  life.  At  the  present 
time  we  do  not  know  whether  or  not  such  results  are  applicable  to 
man.  While  there  is  no  evidence  to  indicate  that  pesticides  presently 
in  use  actually  cause  carcinogenic  or  teratogenic  effects  in  man,  never- 
theless, the  fact  that  gome  pesticides  cause  these  effects  in  experimental 
mammals  indicates  cause  for  concern  and  careful  evaluation.  It  is  pru- 
dent to  minimize  human  exposure  to  substances  producing  these  ad- 
verse effects  in  mammals  while  additional  investigations  are  under- 
taken to  assess  the  potential  of  such  suspect  pesticides  for  causing  ad- 
verse effects  in  man.  There  is  a need  to  develop  standard  protocols 


for  safety  evaluation  that  are  sufficiently  flexible  to  permit  an  individ- 
ual  approach  to  the  particular  and  often  unique  problems  presented 
by  each  pesticide.  Assurance  of  safety  to  man  demands  special  tech- 
niques, not  only  for  extrapolation  of  animal  data,  to  man,  but  also  for 
evaluation  of  controlled  human  expsure.  Much  effort  will  be  required 
to  attain  these  objectives.  Research  in  these  areas  should  be  expanded 
and  imbued  with  a greater  sense  of  urgency  than  that  manifested 
before. 

The  Panel  on  Interactions  has  provided  a valuable  analysis  of  the 
manner  in  which  pesticides  can  interact  with  one  another,  and  with 
drugs  and  other  environmental  agents,  in  exercising  effects  on  man 
and  animals.  Once  again  one  is  struck  by  the  complexity  and  impor- 
tance of  these  interrelationships  and  by  the  extent  of  our  ignorance  of 
effects  on  man. 

To  sum  up,  the  field  of  pesticide  toxicology  exemplifies  the  absurdity 
of  a situation  in  which  200  million  Americans  are  undergoing  life- 
long exposure,  yet  our  knowledge  of  what  is  happening  to  them  is  at 
best  fragmentary  and  for  the  most  part  indirect  and  inferential. 
While  there  is  little  ground  for  forebodings  of  disaster,  there  is  even 
less  for  complacency.  The  proper  study  of  mankind  is  man,  It  is 
to  this  study  that  we  should  address  ourselves  without  delay. 
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USES  AND  BENEFITS  OF  PESTICIDES 
Summary  and  Conclusions 

The  production  mid  u9eof  pesticides  in  the  United  Slates  is  expected 
to  continue  to  grow  at  an  annual  rate  of  approximately  16  percent. 
Predictions  are  that  insecticides  will  more  than  double  in  use  liy 
1076  and  herbicides  will  increase  at  an  even  more  accelerated  pace. 
The  foreign  use  of  pesticides  will  likewise  continue  to  increase  with 
the  organochlorine  and  organophosphorous  insecticides  continuing  to 
represent  a significant  part  of  the  foreign  market. 

The  U9e  of  DDT  in  domestic  pest  control  programs  is  rapidly  de- 
clining with  the  major  need  reported  to  be  associated  with  cotton 
production  in  the  Southeastern  United  States.  Although  the  total 
production  is  declining,  an  increasing  quantity  is  being  purchased  by 
AID  and  UNICEF  for  foreign  malaria  programs. 

Most  other  persistent  pesticides  have  continued  to  decline  in  use 
since  1957,  a trend  that  will  continue  with  the  remaining  uses  being 
primarily  noi.agricuUural.  The  shift  to  nonpersistent  pesticides  will 
continue  at  an  accelerated  rate,  however,  there  will  be  a continued 
need  for  use  of  persistent  materials  for  the  control  of  selected  pest 
problems. 

Although  imaginative  and  exciting  research  is  in  progress,  11011- 
insecticidal  control  techniques  are  not  likely  to  have  a significant 
impact  on  the  use  of  insecticides  in  the  foreseeable  future.  There  is 
evidence  of  an  increased  appreciation  for  the  use  of  integrated  con- 
trol in  the  management  of  pest  populations  with  less  persistent  and 
more  selective  insecticides  playing  an  important  part. 

There  is  a serious  lack  of  information  available  on  pesticide  use 
patterns,  particularly  as  they  relate  to  nonagricultural  uses.  Likewise, 
available  data  are  usually  not  obtainable  for  a proper  evaluation  of 
the  economic  implications  of  pesticide  use.  The  United  States  activity 
in  international  pest  control  programs  is  complicated  by  the  magnitude 
of  involvement  and  the  complexity  of  diplomatic  and  agency  respon- 
sibilities. There  are  many  factors  that  are  influencing  the  changing 
use  patterns  of  pesticides.  In  addition  to  new  |>est  infestations,  resist- 
ance to  selected  pesticides,  alterations  in  the  economics  of  crop  pro- 


duct  ion,  nnd  changing  agricultural  and  social  patterns,  the  impact  of 
public  opinion  is  having  a growing  influence  on  the  use  of  pesticides. 
The  increased  concern  for  new  legislation  and  regulation  of  the 
manufacture,  sale,  and  use  of  pesticides  must  not  be  so  structured 
as  to  destroy  the  incentive  for  development  of  new  pesticides  more 
compatible  with  other  desirable  environmental  qualities. 

General  History  of  Pesticides 

A pesticide  is  a chemical  used  to  cause  the  death  of  nonhuman  orga- 
nisms considered  by  man  to  be  “pest”;  i.e,,  inimical  to  human  interests. 
Rather  arbitrarily  the  following  are  excluded:  pathogenic  microor- 
ganisms, viruses,  bacteria,  protozoa  generally,  endoparasites  of  man 
and  other  animals,  and  a host  of  organisms  causing  special  problems 
such  as  the  marine  fouling  organisms.  Technically  materials  such  as 
chemotherapeutic  agents  can  be  classed  as  pesticides.  However  these 
are  regarded  as  outside  the  scope  of  consideration  of  the  commission. 

Space  does  not  permit  us  to  trace  the  history  of  pesticide  usage  hack 
to  the  dawn  of  recorded  history.  For  example,  it  has  been  claimed  that 
Marco  Polo  brought  pyrethrum  to  Europe  from  the  far  east  as  a won- 
derous  compound  of  secret  origin.  Rather,  our  emphasis  will  be  on  the 
changes  in  uses  and  attitudes  toward  pesticides  which  occurred  quite 
suddenly  in  the  mid-1940's,  The  insecticidal  properties  of  DDT  were 
discovered  in  1939;  it  was  used  in  the  field,  mostly  by  the  military,  in 
the  early  1940's,  and  became  commercially  available  to  the  public  in  this 
and  other  countries  about  1945.  Similarly,  plant  hormones  and  close  an- 
alogs were  objects  of  research  in  the  late  1930's,  and  from  these  studies 
came  the  herbicide  2,4 «D  which  was  released  commercially  almost 
simultaneously  with  DDT.  From  that  start  a host  of  new  materials 
lias  been  produced,  a major  new  industry  has  come  into  being,  and 
agricultural  nnd  public  health  practices  have  been  revised.  Education 
and  research  efforts  in  these  areas  have  not  kept  pace  with  develop- 
ments in  industry,  agriculture,  and  public  health.  As  a result,  there 
has  developed  a public  fear  and  public  concern  over  the  usage  of  these 
new  pesticides.  Thus  we  shall  concentrate  our  attention  on  this  sudden 
shift  in  pesticide  practices  that  developed  about  1945. 

PtitMde*  btfore  /P|5 

Perha|*s  the  earliest  pesticides  to  be  used  were  organic  materials  of 
natural  origin.  It  is  not  known  when  pyrethrum  was  first  used  to  kill 
insects  nor  red  squill  to  kill  rats.  Preparations  of  the  plant  sabadilla 
have  been  used  as  louse  |Kmders  by  South  American  natives  for  cen- 
turies, As  early  as  1T63  ground  tobacco  was  recommended  in  France 
to  kill  aphids  and  the  active  ingredient,  nicotine,  was  discovered  in 
1809.  Hant  materials  containing  rotenone  were  used  as  insecticides  as 


early  as  1848.  Petroleum,  kerosene,  creosote,  and  turpentine  were  also 
introduced  as  insecticides  in  the  18th  century.  They  proved  highly 
toxic  to  plants  as  well  as  insects  but  the  petroleum  oils  came  into  wide 
use  as  larvicides  for  mosquitoes.  Late  in  the  19th  century  highly 
refined  oils  with  low  toxicity  to  plants  were  introduced  in  emulsion 
form  and  gained  wide  usage.  A number  of  other  natural  organic 
materials  were  developed  as  pesticides  and  are  still  in  use  today  al- 
though their  relative  importance  has  diminished. 

Inorganic  compounds  also  came  into  early  use  as  pesticides.  The 
arsenical,  Paris  Green,  was  used  agAinst  the  potato  beetle  in  the  Rocky 
Mountain  region  as  early  as  1865.  To  combat  scale  insects  in  California 
lime  sulfur  washes  and  fumigation  with  hydrogen  cynanide  (not 
strictly  an  inorganic  compound)  were  introduced  in  1886.  The  u9e  of 
hydrogen  cyanide  led  to  what  is  one  of  the  earliest  recorded  instances 
of  an  insect  developing  resistance  to  an  insecticidal  chemical ; by  1916  it 
was  observed  that  the  red  scale  insect  was  no  longer  killed  by  HCN, 
and  as  this  resistance  spread  geographically  the  U9e  of  this  control 
gradually  declined.  Lead  arsenate  was  introduced  as  an  insecticide 
against  the  gypsy  moth  in  Massachusetts  in  1892.  Sodium  arsenite 
found  use  both  as  an  insecticide  and  a weed  killer. 

Gradually  a number  of  metal  salts,  including  those  of  copper,  zinc, 
chromium,  and  thallium,  came  into  pesticide  use,  as  well  as  some 
extremely  toxic  compounds  of  fluorine  and  sulfur.  Some  of  the  metallic 
salts  such  as  cryolite  (sodium  fluoatuminate)  and  various  salts  of 
arsenic,  lead,  mercury,  and  selenium  are  extremely  persistent  in  soils 
and  are  removed  only  by  weathering,  erosion, or  in  the  bodies  of  plants 
that  Absorb  them  from  the  soil  (in  the  case  of  mercury  some  escapes 
into  the  air  by  volatilization ) . 

The  u9e  of  synthetic  organic  pesticides  also  bvgAn  before  World 
War  II.  Dinitrophenols  found  very  limited  use  in  Germany  as  early 
as  1892,  and  such  extremely  simple  compounds  as  HCN,  carbon  disul- 
fide, and  methyl  bromide  were  used  very  early.  Unsuccessful  attempts 
to  synthesise  pyrethrum  were  begun  in  the  1920V  Naphthalene  and 
paradichlorobenzene  came  into  use  early  in  the  20th  century,  and  a 
few  thiocyanatea  and  cyclohexylaminee  were  recognized  as  potential 
insecticides  in  the  1930V  The  insecticidal  properties  of  PI)T  were 
recognized  in  Switzerland  in  1939,  and  those  of  benzene  hexachloride 
(BHC)  about  1940  in  France  and  England. 

With  the  advent  of  World  War  II  our  supplies  of  pyrethrum  for 
louse  control  and  red  squill  for  rat  control  were  largely  cut  off  and 
it  was  imperative  to  find  substitutes  for  military  purposes.  PI)T  then 
came  into  military  use  and  a crash  program  of  screening  by  the  t\S. 
Fish  and  Wildlife  Service  developed  the  very  poisonous  compound 
1080  (sodium  monofluoroacetate)  as  a rodent  icide.  The  success  of  DPT 


in  halting  a typhus  epidemic  in  Italy  in  1013  and  1944  was  an  un- 
precedented  achievement  which  heralded  the  postwar  era  of  unpar- 
alleled benefits  in  the  use  of  pesticides  for  human  health. 

Pesticides  after  19^6 

As  DDT  came  into  wide  use  and  its  extraordinary  insecticidal  effects 
were  recognized  there  were  predictions  that  all  major  insect  pests 
would  be  eradicated.  The  dangerous  malarial  mosquito  Anopheles 
gambiac  had  been  eradicated  in  Brazil  in  the  1030s  using  pyrethrmn 
ft9  the  principal  chemical  weapon,  and  the  availability  of  a low*  cost 
synthetic  substitute  raised  hopes  for  many  more  such  triumphs.  How- 
ever, very  soon,  limitations  to  DDT  use  began  to  be  recognized. 

The  promises  of  chemical  control  were  viewed  with  such  optimism 
that  research  and  agricultural  practices  often  shifted  away  from  tech- 
niques such  as  cultural  methods  that  had  formerly  been  used.  Major 
efforts  were  devoted  to  finding  new  pesticidal  chemicals  without  the 
limitations  that  had  appeared  for  DDT.  It  was  found  that  insects 
that  were  resistant  to  D1)T  were  also  often  resistant  to  other  related 
organoehlorine  compounds  thus  the  search  began  for  insecticidal  com- 
pounds with  distinctly  different  chemical  structure.  Then  the  organo- 
phosphates  came  into  use  but  resistance  often  rapidly  developed.  At 
present  we  are  witnessing  an  expansion  in  the  use  of  carbamate 
insecticides. 

Following  the  appearance  of  resistance  to  DDT  a tremendous  num- 
ber of  new  pesticides  h«9  appeared.  There  are  now  in  the  United 
States  some  000  active  pesticidal  chemicals  formulated  into  over 
60,000  preparations.  These  include  insecticides,  fungicides,  herbicides 
and  plant  growth  regulators.  Modern  food  production  programs  and 
modern  public  health  programs  are  dependent  upon  the  use  of  these 
pest  control  agents. 


Pesticide  Proocction  and  Use 

The  production  end  use  of  l>e$ticides  in  the  United  States  continues 
to  grow  in  response  to  the  demands  of  the  U.S.  users  and  the  increased 
demand  for  ex|*>rt.  Surveys  and  re|>oNsof  government  and  industrial 
economists  indicate  that  synthetic  organic  pesticide  production  is 
increasing  at  approximately  an  animal  rate  of  15  percent  with  an  indi- 
cation of  more  than  $3  billion  sales  by  1975.  This  is  in  contrast  to  in- 
creases of  approximately  37  jiercent  for  the  5 -year  jieriod,  1963  to  1967. 
The  total  dollar  value  of  all  i>es!icides  produced  in  this  country  was 
$440  million  in  1964;  this  has  increased  to  $12  billion  in  1909.  Herbi- 
cide sales,  as  indicated  by  US.  Department  of  Agriculture  surveys, 
have  risen  271  percent  since  1963  which  represents  more  than  double 
f he  rate  of  increase  for  all  pesticides.  Predictions  are  that  insecticides 
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will  more  than  double  in  use  by  1975  to  more  than  $000  million,  while 
herbicide  uses  will  increase  to  more  than  double  that  of  insecticides 
($U/2  billion)  during  that  same  period.  The  value  for  all  herbicides 
produced  increased  from  $200  million  to  $800  million  in  a 5-year 
l>oriod  from  1004  to  10G9  and  is  exacted  to  reach  $1,350  million  by 
1974. 

Foreign  uses  for  pesticides  has  continued  to  expand  as  indicated  by 
T.S.  exports,  as  well  as  by  surveys  of  Kimqwan  agricultural  chemicals. 
IT.S.  ex|>orts  in  1007  were  approxinnitely  $100  million.  Insecticides 
were  responsible  fur  approximately  (50  percent  of  the  international 
movement.  Approximately  45  |>erce»t  of  these  exj>orts  were  repre- 
sented by  the  orgn nopli os pho rons  and  organochloriue  insecticides 
which  were  about  equally  divided.  In  1007,  there  was  a reduction  in 
DDT  exports  and  an  increase  in  other  organochlorine  and  organophos- 
phorous materials.  Sizeable  quantities  of  j>esticidcs  continued  to  l>e 
shipped  from  the  Tailed  States  to  eastern  Kuroj>can  countries  in  1007, 
with  the  largest  share  going  to  the  Soviet  Vnion. 

The  Tnited  States  produces  from  50  to  75  j>ercent  of  all  pesticides 
manufactured  in  the  world.  However,  it  is  predicted  that  the  |>erccnt- 
age  of  the  U.S,  contribution  is  likely  to  1>c  reduced  as  other  countries 
develop  capacities  or  increase  existing  capacities  to  make  these  chemi- 
cals. It  is  likewise  predicted  that  insecticides  and  fungicides  will 
continue  to  dominate  the  international  market  for  some  considerable 
period  of  time, 

tnwcticidr* 

Although  the  rate  of  growth  for  insecticides  is  not  as  fqKctnculnr 
ns  that  for  herbicides,  inann fact urers'  sales  of  synthetic  organic  insec- 
ticides in  1907  reached  301  million,  which  was  10  j>ercent  alcove  the 
previous  year  and  represented  38  j'crcent  of  the  total  share  of  the 
pesticide  sales.  In  1907  the  Tailed  States  ex|>ortcd  $150  millic  n worth 
of  insecticides  which  was  an  increase  of  alx>nt  14  percent  ovev  the 
previous  year.  There  increases  resulted  largely  from  exports  of  tech- 
nical organochlnrine  and  organophosplmte  technical  materials. 

A 1901  survey  by  the  T.S.  Department  of  Agriculture  indicated 
that  T.S.  farmers  used  approximately  2 million  i>ounds  each  of  12 
different  insecticides,  which  accounted  for  85  |>eivenf  of  t lie  total  vol- 
ume. Toxaphenc  was  used  in  largest  volume,  followed  closely  by*  DDT: 
these  two  made  up  49  |*erce»t  of  total  |>csticides  used  in  1994.  The  same 
survey  indicates  that  farmers  applied  two-thirds  of  the  total  quantity 
of  all  insecticides  used  on  farms  on  three  crops:  (ntton,  mm.  am! 
apples.  The  nfftoii  tnaikct  flrcnuntrd  for  more  than  half  of  the  total 
including  al*>nf  8n  ] percent  of  the  methyl  parathion,  89  j>cTYent  of  the 
end rin.  To  |»cncnl  of  the  DDT,  and  99  |>cnTnl  of  the  toxaphene.  The 


corn  nmrket  accounted  for  10  percent  of  the  total,  including 06  percent 
of  the  nldrin  and  84  |>ercent  of  the  heptachlor.  Latest  data  made 
available  by  the  USDA  Economic  Research  Service  from  their  1966 
l>esticide-use  survey  indicates  that  farm  use  of  pesticides  in  1066  (in 
terms  of  active  ingredients)  was  up  about  10  ]>ercent  over  1064.  Over- 
all, insecticide  and  fungicides  use  (exclusive  of  sulfur)  remained  al>ou  t 
the  same  as  in  1064  even  though  the  use  of  insecticides  on  cotton  was 
down  because  of  the  large  reduction  in  acreage.  However,  herbicide 
use  was  up  more  than  33  percent.  Leading  products  among  the  insecti- 
cides continue  to  be  toxaphene,  DDT,  and  nldrin,  accounting  for  over 
half  of  all  insecticides  used  by  farmers  in  1066,  Shifts  in  ingredient 
usage  among  insecticides  from  1064  to  1066  showed  a slight  decrease 
in  the  use  of  chlorinated  hydrocarbons  and  an  increase  in  the  use  of 
organophosphorous  compounds.  The  latest  production  figures  (1067) 
indicate  that  the  orga nocldorines  continue  to  make  up  approximately 
one-half  of  the  IT,S.  production  and  of  these  approximately  50  i>ercent 
is  DDT. 

Pcrtitfcttf  h\*ccttcidc  utc  /Kitten i* 

DDT. — tT.S.  DDT  production  during  1967  was  103  million  i>oimds, 
down  approximately  27  percent  from  1966.  Kx|>orts  during  1967  wcie 
82  million  pounds,  down  approximately  10  percent.  Over  half  of  all 
DDT  exports  were  in  the  form  of  76  percent  weltahle  j>owder  used 
primarily  for  mosquito  control.  In  1967  five  countries:  India,  Thai- 
land, Brazil,  Nepal,  and  Mexico,  received  over  two-thirds  of  the  export 
tonnage  of  this  formulation.  Economic  Research  Service  surveys  indi- 
cate that  the  U.S.  output  of  DDT  is  approximately  40  iK*reenl  less 
than  the  |K*aks  reached  in  1060  to  1963.  Ex|>orts  are  claiming  an 
increased  share,  approximately  70  i»errent  of  I his  production,  Domes- 
tic uses  were  reduced  nearly  ftO  percent  lictweeii  1958  and  1966,  DDT 
has  l)ceii  replaced  by  less  jiersistent  ]ieslicides  in  many  States.  Of 
s|>ecial  significance  has  lieen  the  reduction  in  its  use  for  large-scale 
forest  insect  control  programs,  mosquito  larvicide  and  in  some 
instances,  mosquito  adulticide  programs,  as  well  as  many  agricultural 
hjps,  The  use  of  1 )|)T  on  agricult  oral  crops  ranges  from  f lie  more  than 
260  entries  in  the  Federal  recommendations  In  cinergcnry  usc<  only 
in  certain  Slates. 

Large  amounts  of  DDT  are  ii^nl  in  this  country  for  lli?  production 
of  food  and  filler,  for  control  of  mosquitoes  and  hits  and  for  other 
limited  purposes.  Suhvlitutc  products  are  usually  more  e.\|>ensive 
and  sometimes  less  effective.  Many  of  the  sulisfitiites  have  acute  to.v 
icitles  representing  greater  degrees  of  hazards  to  the  user  than  Din. 
Otlirr  itntcs  limp  a Inner  m.immnlinn  Inxioilv,  liitl  jiiT.-pnt  .1 


much  greater  hazard  to  pollinaf  iii|2T  insists.  Still  others  arc  more  toxic 
to  tisli  mul  wildlife. 

It  is  not  possible  to  summarize  the  advantages  and  disadvantages 
of  substitute  chemicals  that  are  presently  available  since  there  are 
no  general  substitutes.  Several  available  partial  substitutes  have  a 
variety  of  disadvantages  including  increased  mammalian  toxicity, 
lack  of  tolerances  on  food  commodities,  decrease  in  insecticidal  value, 
high  cost,  increased  toxicity  to  bees  and  pollinating  insects,  and 
increased  toxicity  to  lisli  and  wildlife.  The  biological  impact  of  large- 
scale  use  of  many  substitute  chemicals  is  as  yet  unknown. 

The  usefulness  of  noniasecticidal  control  techniques  haslKcn  demon- 
strated on  a laboratory  scale  for  several  of  the  major  economic  insects. 
The  utilization  of  the  sterile  male  technique  and  attendants  pins 
pesticides  have  been  used  for  the  control  of  the  screw  worm  in  cattle 
and  of  certain  fruit  flies,  both  in  the  United  States  and  on  certain 
Pacific  Islands. 

Although  the  total  production  of  DDT  is  declining,  an  increasing 
quantity  of  this  compound  is  being  purchased  by  AID  and  UNICEF 
for  foreign  malaria  programs.  It  is  estimated  that  more  than  half 
of  the  total  U.S.  production  of  DDT  is  exported  by  AID  and  UNICEF 
for  malaria  eradication.  It  is  evident  from  the  production  data  that 
the  use  of  DDT  in  domestic  pest  control  programs  is  declining  and 
this  appears  likely  to  continue. 

It  is  reported  by  well  informed  scientists  that  as  far  as  insect  vectors 
of  disease  are  concerned  there  are  none  known  which  are  normally 
susceptible  to  DDT  that  cannot  be  controlled  with  a substitute.  How- 
ever, stopping  the  production  of  DDT  in  this  country  would  be  a very 
serious  blow  to  foreign  malaria  eradication  pmgrams,  now  being 
supported  largely  by  AID.  These  are  normally  under  the  actual  su}>er- 
vision  of  WHO  teams.  AID  records  over  the  past  several  years  indi- 
cate shipments  of  DDT  have  varied  but  the  trends  are  slightly 
dowmvaixl.  The  consensus  of  AID  personnel  is  that  an  abrupt  with- 
drawal of  other  organochlorine  compounds  would  create  immediate 
and  critical  problems  for  growers  throughout  much  of  the  developing 
world,  and  could  have  n deleterious  effect  on  world  food  production 
and  protection  of  public  health.  A gradual  withdrawal,  slow  enough 
to  permit  substitution  and  demonstration  of  orgnnophosplmte,  carba- 
mate, and  other  chemicals,  would  minimize  the  impact  of  such  action. 
Such  a change  would  require  a vast  educational  program.  Reports 
from  authorities  interviewed  indicated  that  it  was  likely  that  malaria 
programs  would  gradually  be  discontinued  if  they  were  forced  to  use 
substitutes  for  DDT. 

The  persistence  of  DDT  is  the  essential  characteristic  that  makes  it 
effective  us  a malarial  eradication  tool.  A malarial  victim  may  re- 
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main  infective  for  many  months  to  mosquitoes  that  feed  upon  him.  To 
interrupt  malaria  transmission,  constant  protection  against  bites  from 
infected  vectors  must  l>e  provided  for  several  years.  The  maintenance 
of  an  insecticidal  residue  on  interior  surfaces  of  homes  provides  this 
t\|>e  of  protection.  The  magnitude  of  the  areas  to  he  covered  and  the 
inaccessibility  of  remote  rural  areas  in  underdeveloping  countries 
makes  frequent  spraying  of  houses  impractical  and  expensive.  With 
DDT  one  or  two  treatments  annually  me  usually  sufficient.  The  appli- 
cation of  DDT  to  the  interior  surface  of  houses  results  in  a minimum 
contamination  of  the  outdoor  environment.  A recent  WHO  release 
summarizes  the  status  as  follows:  “In  considering  the  pesticide  prob- 
lem, we  must  not  forget  the  enormous  benefits  insecticides  have  brought 
to  humanity.  DDT  lias  l>een  instrumental  in  controlling  some  of  the 
most  important  vcctor-horne  diseases  of  man.  The  concept  of  malaria 
eradication  rests  completely  on  its  continued  use.  The  record  of  safety 
of  DDT  to  man  has  been  outstanding  during  the  past  20  years  and  its 
low  cost  makes  it  irreplaceable  in  public  health  at  t lie  present  time. 
Limitations  on  its  use  would  give  rise  to  greater  problems  in  the  ma- 
jority of  the  developing  countries.” 

It  has  also  been  suggested  that  banning  the  use  of  DDT  in  this  coun- 
try and  at  the  same  time  sending  it  overseas  for  malaria  programs 
would  be  looked  on  with  disfavor  by  recipient  countries. 

Recent  reports  by  the  World  Health  Organization  indicate  that  the 
control  of  many  of  the  most  important  vectors  of  human  diseases  is 
still  entirely  dependent  on  insecticides  and  no  effective  or  economically 
feasible  alternatives  are  available.  There  lias  been  some  reduction  in 
the  use  of  DDT  in  vector  control  programs  partly  as  the  result  of 
progress  in  malaria  eradication  and  partly  due  to  the  development  of 
insect  resistance.  It  is  very  difficult,  if  not  impossible,  to  obtain  an 
accurate  figure  on  the  amount  of  Federal  money  spent  on  the  chemical 
control  of  vectors  domestically  or  in  foreign  countries.  In  the  past 
10  years  it  is  well  over  a half-billion  dollars.  All)  and  its  predecessors 
have  spent  at  least  this  much  on  foreign  malaria  programs  si  nee  they 
were  initiated  in  the  early  UtfO's.  If  the  crisis  with  respect  to  the  use 
of  pesticide  chemicals  for  vector  control  is  to  be  overcome,  a large 
increase  in  funds  for  research  is  mandatory.  A substantial  investment 
will  l>c  necessary  to  provide  a solution  to  the  problem*  involved  in 
controlling  insect  vectors  without  the  use  of  presently  available  chemi- 
cals. Although  DDT  is  still  involved  in  some  of  the  international  food 
production  programs  sponsored  by  U.S.  agencies,  the  tv  is  a feeling 
that  a withdrawal  or  systematic  reduction  of  DDT  would  have  a 
minimum  effect. 

There  is  a principle  of  international  diplomacy  which  recognizes 
that  a free  ami  independent  nation  has  a right  to  make  its  own  choice 
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without-  dictation  by  any  other  power.  For  example,  pesticides  shipped 
to  n foreign  purchaser  on  Ins  own  specifications  are  exempt  from  the 
requirements  of  the  Federal  Insecticide,  Fungicide,  and  Rodent icido 
Act  of  1047,  as  amended.  Accordingly,  information  on  pesticide  usage 
must  l>o  volunteered  by  the  foreign  user  or  bis  government  rather  than 
demanded  by  AID  as  a basis  for  authorizing  loans  under  which  pesti- 
cides arc  to  be  purchased.  All  pesticide  purchase  requests  handled 
under  AID  or  comparable  fluids  should  he  fmmeled  through  an 
appropriate  scientific  staff.  A followup  of  the  use  patterns  aud  effec- 
tiveness of  the  material  shipped  should  he  an  important  prerequisite 
to  any  fund  release  or  shipment.  Such  reports  should  include  a sum- 
mary of  oflicacy,  reports  of  accidents  to  humans  or  other  animals,  ns 
well  as  any  adverse  effects  on  wildlife,  Such  input  will  require  a new 
philosophy  as  well  ns  substantial  reorganization  and  increased  support 
for  proper  handling  of  future  pesticide  shipments  to  foreign  countries. 

Mcthoxychlor. — In  comparison  with  DDT,  mcthoxychlor  produc- 
tion and  usage  are  at  much  lower  levels.  Use  levels  have  been  quite 
stable  over  the  past  15  to  *20  years,  although  its  pattern  of  use  has 
varied  and  changed  some  what  over  this  period. 

Currently,  about  75  percent  of  the  mcthoxychlor  sold  is  used  for 
fly  control  on  cattle  and  in  farm  buildings,  with  the  remainder  divided 
between  crops,  control  of  clmbnrk  beetles  (Dutch  Elm  disease),  grain 
bin  treatment,  home  garden  and  household  insecticides.  The  largest 
recent  shift  has  been  in  crop  use;  from  primarily  fruits  and  vegetables 
in  curlier  years,  to  forage  crops  particularly  alfalfa  weevil  control. 

Restriction  in  use  of  the  “persistent”  insecticides  should  have  only 
minor  effects  on  use  of  metlioxychlor : (1)  Mcthoxychlor  is  not  very 
effective  against  a number  of  the  pests  controlled  by  these  com- 
pounds— for  example,  soil  insects  such  as  corn  rootworm,  wivewonns, 
etc.,  (2)  Other  compounds  (sucli  as  various  organophosphates  or 
carbamate  insecticides)  are  available  and  registered  for  many  uses, 
and  would  probably  be  used  more  extensively,  if  the  persistent  insecti- 
cides were  banned. 

A moderate  increase  (5-10  ]>ercent)  in  methoxychlor  usage  is  pro- 
jected in  the  uses  for  which  metlioxychlor  already  is  accepted  (cattle, 
farm  buildings,  etc.)  plus  possible  increases  for  area  control  of  mos- 
quitoes, blackflies,  etc. 

Aldrin. — This  compound  lias  been  an  effective  and  extensively  used 
soil  insecticide.  Roughly  one-half  of  the  U.*S.  corn  acreage  treated 
with  soil  insecticide  last  year  was  treated  with  aldrin.  Particular 
insects  of  economic  importance  that  were  controlled  are  ants,  cut- 
worms, wirewornis,  flea  beetles,  Japanese  beetle  grubs,  seed  corn 
beetles,  seed  corn  maggots,  European  chafer  grubs,  white  grubs,  corn 
bill  bugs,  sugarcane  beetles,  webworms,  white  fringe  beetle  grubs, 
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crickets,  awl  corn  root  worm  larvae.  In  ureas  of  rant  worm  resistance 
to  organ  orb  lor  i lies  narrow  spectrum  materials  are  used  at  rates  sufli- 
eient  to  control  rootworm.  The  highest  sales  for  aldrin  were  in  1 9C0. 
Tn  19GS  sales  of  aldrin  had  dropped  30  percent  and  hy  1972  the 
estimates  indicate  a reduction  of  f>0  percent  from  the  highest  sales 
year. 

Dichh'hu — This  eom|>onnd  is  used  widely  to  control  a variety  of 
pests,  especially  when  a Ion#  lasting  residual  e fleet  is  desir  ed.  These 
residual  uses  for  dieldriti  include  its  application  for  termite  control, 
insect  control  on  lawns,  turfs,  ornamentals  and  flowers,  and  at  the 
present  time  household  residual  sprays  and  permanent  moth  proofing 
of  fabrics.  The  hulk  of  the  material  is  used  for  termite  control.  In 
1908,  81  percent  of  the  aldrin  and  dieldrin  agricultural  use  was  for 
corn  soil  insects.  Other  agricultural  uses  made  up  11  percent  and  non- 
agricultural  specialty  uses  including  termite  control,  Government 
programs  and  so  forth,  an  additional  8 percent. 

The  highest  sales  year  for  dieldrin  was  in  1050.  Usage  has  steadily 
decreased  because  of  resistance  iu  the  cotton  l>o!l  weevil  and  certain 
other  agricultural  pests.  This  is  a 70-percent  drop  iu  u 12-year  period. 
Estimates  indicate  that  usage  will  drop  another  10  percent  by  1972* 
practically  all  remaining  uses  being  for  nonagrirultural  purposes. 

lindrih. — The  major  domestic  use  for  endrin  is  as  a cotton  insecti- 
cide. The  projected  use  of  endrin  for  this  purpose  indicates  a decrease 
between  1900  and  1973  as  a result  of  increased  insert  resistance. 
Projected  use  ii:  international  areas  for  endrin  indicated  a relatively 
stable  use  pattern  or  possibly  a slight  decrease.  All  uses  of  endrin 
in  the  United  States  are  on  a uo-residue  basis.  Substitute  insecticides 
for  endrin  are  being  evaluated  in  many  developing  countries.  How- 
ever, economic  factors  have  limited  the  introduction  of  substitute 
materials;  for  example  in  India,  studies  indicate  that  substitute  insec- 
ticides for  control  of  rice  and  cotton  insects  would  increase  the  cost 
of  treatment  80  to 95  percent. 

Heptachlor* — This  compound  is  primarily  a soil  insecticide.  It  is 
anticipated  that  the  heptachlor  used  in  the  United  States  will  he 
primarily  for  control  of  the  soil  insect  complex  in  com,  which  will 
represent  between  55  and  75  percent  of  the  domestic  use.  The  second 
most  significant  use  of  heptachlor  is  in  the  commercial  pest  control 
field.  At  present  this  usage  for  primarily  structural  termite  control 
represents  about  15  percent  of  the  use  pattern  and  is  expected  to  in- 
crease to  some  31  percent  by  1973.  In  1900  there  was  a 50-percent  de- 
crease in  the  use  of  heptachlor  over  1959.  This  was  in  response  to  the 
Food  and  Drug  Administration's  concern  for  the  residues  of  its 
metabolite  heptachlor  epoxide.  An  important  use  for  heptachlor  in 
early  years  was  the  control  of  alfalfa  weevil.  A significant  reduction 


52 


ill  the  use  of  hcptnchlor  occurred  between  19(13  and  1004  as  a result  of 
the  residues  reported  in  milk  and  subsequent  removal  of  lieptachlor 
for  tins  use. 

Chlov(hu\c< — The  agricultural  usage  of  rhlordane  is  primarily  ns  n 
soil  insecticide.  It  Inis  been  especially  important  in  the  home,  lawn,  and 
pardon  pest  control  market.  These  markets  represent  its  major  use, 
which  is  estimated  at  about  7<>  percent  of  the,  total  use  between  the 
years  19(>9  through  197:1.  Approximately  50  percent  is  estimated  to 
be  used  in  the  pest  control  market  for  primarily  structural  termite 
protection  and  about  10  percent  in  t lie  home,  lawn  and  garden  use, 
primarily  for  turf  treatment.  About  30  percent  is  estimated  for  agri- 
cultural usage. 

Structural  pest  control  is  expected  to  continue  its  current  rate 
of  expansion  of  ulx>nt  10  percent  per  year.  The  same  expansion  can  be 
expected  in  the  industry  pesticide  purchases,  which  ave  now  about 
$40  million  per  year  at  the  wholesale  level.  Further  use  of  persistent 
pesticides  in  the  j»st  control  industry  is  likely  to  be  influenced  by 
development  of  resistance  in  im|)ortnnt  pests.  In  the  tnhMO.Ws, 
diuzmon  replaced  cl  ilord  a no  as  the  dominant  insecticide  in  general  post 
control,  because  of  resistance.  Dinzinon  resistance  has  not  been  a major 
problem.  A carbamate  insecticide,  such  as  Ihiygon,  might  rise  in  im- 
portance if  substantial  resistance  to  diuzinon  should  materialize. 
Resistance  in  termites  appears  to  he  unlikely  ns  n factor  affecting 
choice  of  insecticides  in  the  foreseeable  future. 

The-  commercial  structural  pest  control  industry  indicates  that  it 
has  approximately  18,000  men  rendering  periodic  service.  Kaeli  tech- 
nician may  treat  10  to  20  premises  a day  and  use  a persistent  insecticide 
in  almost  every  one.  The  principal  pests  controlled  arc  cockroaches, 
ants,  fleas,  ticks  and  pests  of  fabric,  stored  food,  and  wood  products. 
Practical  control  requires  an  insecticidal  residue  to  be  available  at 
such  time  ns  the  pests  emerge  from  concealment,  from  pupation,  or 
fiom  the  egg.  Aldrin,  rlilordane,  dieldrin,  and  beptacldor  arc  the 
materials  primarily  used  for  subterranean  termite  control.  An  example 
of  the  magnitude  of  this  problem  is  provided  by  figures  available  from 
the  State  of  Georgia  where  40  thousand  termite  jobs  are  performed 
ouch  year.  Massachusetts  reports  nearly  a thousand  inquiries  per  year 
by  the  public  regarding  termite  control.  It  has  been  calculated  that 
three  out  of  live  houses  in  the  Midwest  can  lu*  expected  to  become 
infested  with  termites.  This  applies  to  the  Detroit,  Ismisville,  Kansas 
Tity  and  Milwaukee  areas  and  assumes  a house  to  have  a life  expectancy 
of  35  years.  The  1TS1)A  calculations  indicate  that  the  annual  cost 
to  U.S.  homeowners  is  approximately  half  a billion  dollars  from 
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termite  damage.  The  |>ersistent  |>estieides  indicated  above  provide 
18  to  20  years  protection  in  most  instances. 

Xoninsccticidal  control  techniques  arc  not  likely  to  have  any  sig- 
nificant impact  on  future  use  of  |>est icicles  in  household  and  structural 
pest  control. 

The  commercial  pest  control  operator  is  using  a small  and  decreasing 
amount  of  DDT.  These  uses  arc  often  involved  with  the  control  of 
hats  in  structures,  house  mice  where  control  is  not  possible  with 
other  acceptable  materials,  and  limited  uses  for  ants,  cockroaches, 
garbage  pests,  scavengers,  and  ectoparasites. 

A large  portion  of  the  pesticides  used  by  the  Department  of  Defense 
is  shipped  overseas.  More  goes  to  Vietnam  than  to  any  other  country. 
Relatively  little  persistent  insecticide  is  used  for  area  control  of  insects. 
The  Department  of  Defense  does  little  mosquito-larvae  control  and 
mulathion  or  naled  arc  t lie  insecticides  most  frequently  nsed  for  adult 
mosquito  control.  Mircx  is  used  for  fire-ant  control  on  some  of  the 
installations  in  the  southern  U.S.  and  10  percent  dieldrin  is  used  on 
small  areas  when  recommended  by  the  IT.S.  Department  of  Agriculture 
Plant  Pest  Control  Division.  Persistent  insecticides  are  used  for  ter- 
mite control,  some  for  residual  spraying  in  warehouses  and  other 
quarters  and  for  selected  insects.  The  Department  of  Defense  has 
pest  control  operations  on  military  p rope  Hies  in  the  United  States 
and  overseas.  The  Armed  Forces  Pest  Control  Hoard  provides  co- 
ordination and  each  service  conducts  programs  tailored  to  resolving 
a specific  problem.  None  of  the  Department  of  Defense  budget  is 
commonly  allocated  for  pesticide  regulation,  and  no  employees  are 
occupied  full  time  on  this  matter.  The  importance  of  such  regulation 
is  recognized  and  many  measures  are  taken  to  insure  that  pesticides 
are  utilized  properly.  In  1069  $1^  million  was  allocated  for  pesticide 
research  by  the  Department  of  Defense.  The  majority  of  the  money 
was  used  to  support  research  conducted  under  contract  or  grant  with 
only  six  Department  of  Defense  professional  personnel  devoting  more 
than  60  percent  of  their  time  to  pesticide  research. 

The  Department  of  Defense  conducts  pest*control  programs  as  re- 
quired on  the  30  million  acres  of  property  that  it  controls  in  the  United 
States.  These  programs  arc  regarded  as  essential  for  the  protection  of 
the  buildings  and  perishable  stored  products  that  are  required  for  the 
Armed  Forces.  The  protection  of  forest  and  recreation  areas  is  also  of 
major  importance.  Dost  control  to  protect  the  health  and  welfare  of 
citizens  residing  on  and  adjacent  to  military  installations  is  also  im- 
poHant.  While  price  aata  are  not  i-eadily  available,  current  costs  of 
the  Department  of  Defense  Pest  Control  Program  in  the  United  States 
is  approximately  $7.7  million  per  year. 
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The  orgunochlorinos  are  used  extensively  on  several  of  the  quaran- 
tine programs.  These  materials  me  considered  to  he  the  most  practical 
and  in  some  cases  the  only  means  of  treating  products  as  well  as 
processing  of  cargo  amts  to  prevent  the  spread  of  several  important 
insect  pests.  The  orgunoehlorines  are  the  backbone  of  the  present 
regulatory  program  for  whitefringed  l>eetlc,  Japanese  beetle,  Euro- 
pean chafer,  fire  ant,  and  sweet  potato  weevil.  These  scient  ists  responsi- 
ble for  regulatory  decisions  have  indicated  that  there  is  no  satisfactory 
substitute  for  these  chemicals  to  meet  the  requirements  for  regulation 
under  provisions  of  the  quarantine  laws.  There  is  also  the  joint  agree- 
ment with  the  committee  concerning  the  enforcement  of  similar  quar- 
antine regulations  on  four  domestically  quarantined  pests— namely, 
Euroj) can  chafer,  Japanese  beetle,  cereal  leaf  beetle,  and  gypsy  moth. 
The  Republic  of  Mexico  is  also  concerned  about  certain  of  the  IT.S. 
domestic  quarantine  pests,  hut  it  accepts  our  regulatory  programs  and 
certification  thereunder  for  movement  in  Mexico  as  it  relates  to  these 
pests.  Some  organoHilorinos  arc  also  employed  ns  a basis  for  allowing 
movement  into  the  United  States  of  certain  products  of  foreign  origin. 
The  principal  commodities  involved  in  these  regulatory  programs  are 
nursery  stock,  sod,  bulbs,  conns,  and  plant  crowns,  stone  and  quarry 
products,  industrial  supplies,  timber  products,  sweet  potatoes,  Irish 
potatoes  and  transplants.  Additional  regulatory  responsibilities  are 
included  with  the.  treatment  of  areas  around  processing  plants,  truck 
and  rail  transportation  centers,  trailer  camps,  campgrounds,  and 
airports. 

Summary  of  foreign  insecticides  uses 

In  general,  there  is  limited  information  available  on  the  economic 
impact  of  pest  infestations  on  foreign  agriculture  and  related  pesti- 
cide use  patterns.  However,  the  summary  provided  the  Commission 
by  Shell  Chemical  Co.  scientists  gives  an  updated  appraisal  of  the 
international  uses  of  persistent  pesticides  and  is  included  as  appendix 
A of  this  report. 

Specific  data  are  not  available  from  most  foreign  countries  on  past 
use;  however,  the  Indian  report  published  in  1007  by  the  Special 
Committee  on  Harmful  Effects  of  Pesticides  has  provided  interesting 
and  relevant  statistics  regarding  the  use  and  projected  use  of  insecti- 
cides. In  India  the  use  of  |>estieidcs  has  increased  from  the  treatment 
of  10,120  hectares  in  1940-47  to  about  6.15  million  hectares  in  1961-02 
mul  has  risen  to  17.4  million  hectares  in  1965-66.  This  latter  figure 
represents  about  11.2  percent  of  the  total  crop  area.  The  amount  of 
DDT  used  in  plant  protection  is  expected  to  quadruple  from  COO  metric 
tons  in  1904-05  to  2,400  metric  tons  in  1968-69.  The  amount  of  nldrin, 
dieldrin,  heptaehlor,  and  chlordane  is  expected  to  increase  from  about 
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00  metric  tons  in  1964-65  to  1,050  metric  tons  in  1968-69,  tt  factor  of 
12,  The  report  indicates  that  these  increases  in  the  use  of  organo- 
chlorine  insecticides  are  not  likely  to  result  in  any  increased  hazard 
to  human  beings  and  domestic  animals,  but  that  they  may  have  a sig- 
nificant effect  on  wildlife.  The  increase  in  the  use  of  DDT  in  plant 
protection  will  l>e  accompanied  by  a planned  decrease  in  its  use  in 
public  health  from  8,426  tons  of  technical  material  in  1064-65  to  3,456 
metric  tons  in  1068-60.  In  1067,  approximately  20,326  metric  tons  of 
pesticides,  technical  grade,  were  being  used,  of  which  16,262  metric 
tons  were  manufactured  in  India  and  the  remaining  imported.  Pre- 
dictions were  for  the  requirement  of  77,500  metric  tons  of  technical 
material  for  use  in  1968-60.  Within  the  period  of  1965-66  to  1068-69, 
it  is  predicted  that  the  area  to  be  treated  with  pesticide  will  increase 
more  than  51/2  times  mid  will  cover  85  million  hectares  (54  percent  of 
the  total  crop  area). 

Pesticide  cconomicH 

Prior  to  1945  it  was  common  to  find  statements  in  the  literature 
estimating  the  loss  to  pests  of  crops  and  stored  commodities  in  the 
Dnited  States  at  “10  percent,”  or  “at  least  10  percent,”  One  standard 
textbook  of  economic  entomology  (Metcalf  and  Flint,  1039)  attempted 
to  Ixj  more  thorough  and  to  estimate  for  individual  crops  and  com- 
modities the  loss  from  insect  pests  as  of  1036  both  in  percentage  of 
tho  crops  destroyed  and  in  dollar  values.  The  latest  revised  edition 
of  that  textl>ook  givevS  a revised  estimate  based  on  1057  data  showing 
percentage  losses  to  insects  of  various  crops  and  stored  products  which 
are  virtually  identical  to  the  1036  figures.  The  dollar  values  of  the 
losses,  however,  Imvo  approximately  doubled  in  most  cases,  in  part 
reflecting  increased  prices.  In  the  npjxmdix  \ve  have  added  a final 
column  giving  the  percentage  of  the  potential  crop  production  lost 
to  insects  outside  North  America. 

The  economies  of  pest  control  is  made  up  of  the  interrelationships 
of  tho  benefits,  costs,  and  side  effects.  That  is,  the  incremental  lienefits 
of  another  unit  of  control  must  lx1  equal  to  or  greater  tlmn  tho  asso- 
ciated incremental  costs.  This  is  not  an  easy  task  because  in  pest  con- 
trol there  are  many  different  kinds  of  pests.  Kacli  may  be  associated 
with  many  different  damages  and  there  are  numerous  ways  to  control 
each  pest.  At  present,  research  in  this  important  area  lias  \wn  pri- 
marily imolved  with  an  attempt  to  measure  in  aggregate  tho  effects 
on  farm  sales  associated  with  varying  levels  of  pesticide  use.  The 
only  source  of  data  for  this  work  has  been  the  .secondary  data  from 
tho  agricultural  census  and  other  data  variables  from  tho  ITSDA, 
such  as  the  pesticide  use  surveys  of  1064  and  1066. 
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Tho  funds  allocated  to  the  Kconomic  Research  Service  by  the  Agri- 
cultural Appropriations  Act  of  1905  ($500,000)  provided  for  research 
on  the  cost  and  benefits  of  alternative  methods  of  controlling  plant 
and  animal  pests,  and  t ho  collection  of  basic  data  on  current  uses  of 
pesticides  and  costs  and  methods  of  controlling  pests.  This  research 
was  divided  into  three  phases:  (a)  Biennial  surveys  of  a nationwide 
sample  of  farms  to  obtain  data  on  practices  funnel's  employ  to  control 
pests  hy  tho  use  of  chemicals,  and  the  costs  of  these  practices;  (b) 
analysis  of  selected  alternative  methods  of  pest  control  with  emphasis 
on  comparative  costs  and  returns  in  selected  areas;  and  (c)  analysisof 
the  economic  implications  of  alternative  methods  of  pest  control  both 
on  tho  farm  and  for  agriculture  as  a whole. 

Tho  economic  analysis  of  the  benefits  of  pesticides  is  largely  an 
undeveloped  area.  A full  cost-benefit  appraisal  of  pesticides  in  the 
American  economy  or  in  agriculture  has  not  boon  made.  Gaps  in  pres- 
ent knowledge  of  the  technical  relationship  of  pesticides  in  the  fields  of 
agriculture,  health,  and  natural  resources  make  such  an  evaluation 
difficult. 

Available  data  are  not  adequate  to  properly  evaluate  tho  economic 
implications  of  pesticide  use.  Estimates  of  the  total  volume  of  pro- 
duction of  these  chemicals  are  reasonably  accurate,  but  only  aggregate 
estimates  are  available  to  indicate  the  extent  that  chemicals  are  used 
in  agricultural  production.  Little  information  is  available  to  indicate 
the  use  of  t lie  many  chemicals  in  the  production  of  specific  crop  and 
livestock  commodities.  Costs  of  side  effects  have  not  been  evaluated 
for  inclusion  in  tho  analyses. 

Headley,  who  ha3  pioneered  in  this  area,  is  quick  to  point  out  that 
there  is  not  a large  body  of  time  scries  data  available  and,  therefore, 
cross-section  studies  have  been  used.  These  estimates  are  inadequate  in 
several  respects.  They  are  not  generated  experimentally  and  they  may 
bo  measures  only  of  association  and  not  measures  of  tho  contribution 
of  pest  control  with  other  things  constant.  In  addition,  the  cross-sec- 
tional analysis  measures  change  in  farm  sales  at  the  prices  determined 
for  tho  year  of  the  cross-section  measurement,  based  on  supply  and 
demand  in  that  year.  Headley’s  early  results  show  an  incremental  con- 
tribution of  about  $4  to  $5  per  $1  of  pesticide  expended  by  a farmer. 
A later  study  shows  contributions  per  ounce  of  technical  mat  erial  by 
production  region.  The  impact  of  chemical  pesticides  is  strongest  over- 
all in  the  area  south  of  the  Ohio  River  and  west  of  the  Mississippi.  The 
Pacific  region,  Soutli  Plains,  and  Northeast  also  devote  more  produc- 
tion resources  to  chemical  pesticides  than  docs  the  Corn  Belt,  North 
Plains  and  tho  mountain  regions.  Headley  points  out  that  part  of  Iheso 
differences  is  due  to  resource  values  such  as  land  and  labor,  but  it 
seems  reasonable  that  they  also  reflect  pest  problems,  such  as  biological 
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conditions  for  pests  and  the  product  orientation  of  agriculture  region- 
ally such  as  cotton,  vegetables,  tobacco,  ancl  fruit,  as  compared  with 
cereals.  Sufficient  experimental  data  are  not  available  nor  do  they  seem 
to  be  in  the  process  of  development.  The  general  needs  appear  to  be : 

1.  Functions  that  relate  pest  infestation  to  crops  or  livestock  yields 
both  quantitative  and  qualitative,  and  that  are  representative  for  prod- 
ucts produced,  pest  infestations,  and  regions. 

2.  Functional  relationships  that  relate  pest  control  by  the  various 
methods,  compounds,  cultural  pratices,  biological  control  methods,  to 
pest  infestation,  not  only  for  average  seasons  but  over  time,  to  indicate 
population  trends,  target  post  species,  and  also  associated  post  species. 

3.  Information  that  relates  a level  of  use  of  a pest  control  method 
to  the  known  side  effects  in  order  to  ascertain  changes  in  side  effects 
resulting  from  different  levels  of  pest  control  methods.  From  this 
kind  of  information  estimates  of  the  damage  prevented  as  a result 
of  the  changes  in  control  could  be  developed  for  products  by  regional 
products  by  pest.  In  addition,  estimates  of  pest  population  changes 
due  to  the  control  change  could  be  generated  and,  finally,  changes  in 
side  effects  as  a function  of  changes  in  control  could  be  estimated  and 
related  to  yield  damages  prevented. 

Factors  Influencing  Changing  Use  Patterns 

New  pest  problems  that  can  have  an  effect  on  pesticide  usage  come 
about  through  several  means.  Many  pest  problems  develop  from  new 
introductions  either  coining  into  the  United  States  or  from  one  area 
to  another  within  the  country.  The  introduction  of  such  insect  pests  as 
the  gypsy  moth,  and  more  recently  the  cereal  leaf  bottle,  have  had  a sig- 
nificant effect  on  the  use  patterns  of  insecticides.  When  new  pest 
problems  are  recognized,  efforts  are  often  initiated  to  restrict  their 
migration  usually  through  quarantines,  and  attempts  are  then  made  to 
eradicate  the  pest.  Widespread  control  measures  may  Income  neces- 
sary when  the  new  species  become  widely  distributed. 

Pests  can  develop  a change  in  the  preferred  host  plant  and  thus 
alter  their  economic  significance.  New  problems  which  n fleet  pesticide 
usage  are  created  when  previously  undeveloped  areas  are  utilized  for 
public  recreation.  Such  pest  problems  as  discnse-lieariiig  mosquitoes 
and  ticks  and  noxious  weeds  such  as  poison  ivy  and  ragweed  arc  typical 
of  such  situations. 

When  a new  agricultural  crop  is  produced  more  intensively  new 
pest  problems  will  often  occur.  Other  occasions  arise  where  an  insect 
becomes  a pest  tocnusc  factors  such  as  temperature,  moisture,  food 
supplies,  etc.,  are  optimum  to  bring  about  a high  population  density. 
Examples  of  this  arc  the  various  species  of  grasshoppers  which  in 


certain  years  build  up  to  tremendous  numbers  and  in  other  years  may 
not  be  a problem. 

Pent  rent  stance. — The  term  **  resistance*-  is  applied  to  formerly  sus- 
ceptible species  whose  populations  can  no  longer  l>e  controlled  by  a 
given  pesticide  at  the  rates  normally  recommended.  The  earliest  in* 
stance  of  resistance  in  the  United  States  was  noted  in  1D08  when  the 
San  Jose  scale  resisted  lime  sulfur  sprays  in  a few  orchards  in  Wash- 
ington. Early  resistance  to  DDT  was  seen  in  the  housefly  by  1040  in 
Sweden.  Fortunately,  acquired  resistance  to  DDT  apparently  does 
not  involve  a cross-resistance  to  cyclodiene  derivatives,  nor  to  organic 
phosphate  eoni|mundst  and  vice  versa. 

Resistance  is  a clinractcr  developed  by  selection  wilhin  a population 
of  a species  normally  susceptible  to  a particular  |>esticide.  It  is  an 
inheritable  characteristic,  developing  only  in  imputations  that  already 
have  the  factors  for  resistance,  and  not  inducible  by  habitation  during 
t ho  lifetime  of  the  l>est  organism, 

Some  224  species  of  insects  and  acarincs  in  various  parts  of  the 
world  have  develop!  resistance  to  one  or  more  groups  of  insecticides; 
of  these,  127  arc  agricultural  posts  and  97  are  pests  of  medical  and 
veterinary  importance.  Resistance  can  be  discussed  in  threo  major 
categories;  DDT, cyclodiene,  and  orgaiiophosphate  resistance.  Of  these 
three,  1)1)1'  ivsistance  occurs  in  89  species,  cyclodiene  resistance  in 
110  sjmeies,  and  orgaiiophosphate  resistance  in  39  species.  There  are 
many  imputations  in  which  two  or  three  of  the  resistance  factors  are 
present  simultaneously. 

Since  resistance  is  the  result  of  Darwinian  selection,  it  should  Ik? 
expected  to  develop  wherever  insects  are  exposed  for  long  periods  to 
selecting  levels  of  the  insecticide  flint  causes  some  degree  of  mortality 
short  of  100  percent.  The  change  toward  resistance  will  be  more  abrupt 
when  the  selecting  level,  in  terms  of  jiercent  mortality,  is  higher,  and 
there  will  be  loss  delay  in  its  development  when  the  area  treated  is 
wider  and  the  surrounding  untreated  population  is  smaller.  Residual 
insecticides  are  ideal  sol  citing  agents  because  they  jiersist  such  a long 
imrunl  at  selecting  levels  of  contamination.  The  practical  outcome  of 
resistance  to  chlorinated  bydrocarlmn  compounds  Iias  l>een  the  intro^ 
ductinii  of  a variety  of  now  oiganophosphate  and  carlwimate 
coni|munds, 

AVre  iK*thidc9. — To  meet  the  residue  problems  associated  with  many 
uses  of  iiersirtcnt  i>esticidos,  a wide  range  of  organophosphatc  and 
carbamate  insecticides  has  been  develop.  Knr  example,  malathion, 
carbaryl,  and  related  materials  are  now’  used  for  the  control  of  many 
insects  where  it  is  essential  that  crops  or  livestock  aro  not  treated  with 
persistent  materials.  Ciodrin  and  dichlorvns  are  now  available  for  the 
control  of  flies  in  dairy  barns  and  milking  areas,  and  for  direct  use 


on  livestock.  For  gypsy  moth  control,  DDT  isl>cing  replaced  in  many 
areas  hy  Sovin  (rurhnryl).  Abate,  a compound  with  selectivity  for 
mosquito  hirvnc,  is  replacing  DDT  in  many  arcus. 

New  soil  insecticides  Irnve  replaced  aldrin  and  diet  drill  for  certain 
agricultural  insect  control  pnigrums.  Many  newer  organic  phosphate 
compounds,  such  as  phornto  mid  disidfoton  are  n|>])lied  ns  plant  sys- 
tcmic  insecticides  in  the  form  of  granules. 

AVm  method*  of  application* — New  application  methods  me  l>oing 
used  to  decrease  t lie  pesticide  contamination  linznrds  and  to  increase 
I lesliride  efficacy.  lmprovc<l  forecasting  of  outbreaks  of  pest  infesta- 
tions Inis  often  resulted  in  a induction  in  t lie  nunilierof  |>esticide  appli- 
cations necessary  for  adequate  control. 

Direct  incorporation  of  pesticides  into  soil  Ims  resulted  in  a reduc- 
tion of  such  hazards  ns  spray  drift  and  residue  on  standing  foliage.  By 
direct  furrow  soil  application,  a smaller  amount  of  pesticide  can  l>e 
used  and  still  provide  effective  control. 

The  current  interests  in  the  use  of  chemical  nttrnctants  and  cliemo 
slcrilants  involve  using  hails  which,  in  some  instances,  can  control 
the  insect  t»est  without  contaminating  the  environment.  The  chem* 
osterilants  and  the  i>oisoiis  used  with  the  at  tract  ants  aie  moderately 
toxic  to  mammals  hut  then'  ate  newer  ones  on  the  way  flint  are  expected 
fol>p  much  safer. 

Alternate  control  technique*. — Mechanical  and  cultural  control 
measures  ate  associated  with  normal  agricultural  procedures  and  gem 
r rally  involve  certain  changes  in  normal  farming  techniques  rather 
t hnn  the  addition  of  s|>ecial  procedures.  Although  widely  used  in  tin 
past,  many  cultural  control  techniques  have  l>con  replaced  hy  labor- 
saving  chemicals. 

dotation  of  crops  is  often  an  efficient  way  to  mince  weeds  and 
insects.  Another  cultural  pmclire  that  1ms  liccn  very  effective  is  the 
development  of  insect  and/or  disease- resist  ant  plant  varieties.  In  gen- 
eral, breeding  for  ]>est  resistant  varieties  is  extremely  slow  and  tedious 
and  must  l>o  directed  at  a single  ly|ie  of  pest.  To  be  effective,  resistance 
lei  a given  disease  or  insect  must  lie  combined  with  desirable  agronomic 
or  horticultural  characteristics. 

The  successful  n*e  of  biological  control  techniques  has  !>ecn  rcs|>on- 
sihle  for  tlie  control  of  n limited  ninnl>cr  of  |>cst  s|xvies.  Most  success- 
ful eases  to  date  have  involved  the  use  of  parasitic  or  predaceous 
insects,  There  are  at  least  IS  such  successful  examples  in  the  Fluted 
States  where  noxious  insects  have  Ixen  controlled  by  other  insects. 

Microbial  <onlrol  of  certain  inset  I pests  has  received  increased 
attention  in  recent  years.  Nematodes,  protozoans  bacteria,  fungi,  and 
viruses  have  lieen  tested  eX|>erinientaHy. 


Availability  of  materials  to  work  with  is  the  limiting  factor  in 
using  pathogens  in  control  programs.  Thorc  are  also  problems  of 
registration  of  labels  and  quality  control  assays  which  need  to  be 
worked  out  for  each  organism* 

The  potential  use  of  chemoslorilants  on  a wide  scale  to  control  insect 
populations  is  an  intriguing  one.  The  development  of  suitable  com- 
pounds,  acceptable  application  methods  and  a better  understanding 
of  insect  babils  «re  areas  of  research  which  must  1>c  fully  explored 
Ixdorc  any  serious  cffni  t can  l>e  made  to  use  cliemosterilants  on  a wide* 
spread  commercial  basis.  It  is  likely  tlmt  through  continued  research  by 
universities,  government  agencies,  n ml  the  chemical  industry,  relatively 
safe  and  sj>ecific  chcmosterilants  will  be  developed  for  held  use. 

The  |Kitentinl  uses  of  pheromones  and  other  insect  nttrnclnnts  fall 
into  two  categories:  (1)  population  density  surveys  and  (2)  direct 
Mmviorul  control.  Although  early  work  has  been  promising  under 
controlled  conditions,  there  ni'e  many  questions  yet  to  bo  answered 
Indore  pheromone*  will  have  a major  role  in  insect  control. 

Availability  of  hibor.~ The  availability  of  lalior  iii  agriculture 
today  is  forcing  n tremendous  push  toward  completely  mechanized 
farming.  It  is  a well-known  fact  tl  at  the  trend  is  toward  bigger  and 
fewer  farms,  and  it  is  becoming  more  and  more  uneconomical  to  employ 
band  labor  to  care  for  and  harvest  crops.  As  a result,  there  is  a greater 
reliance  on  jieslicides. 

Kconamic  /Vr*«r/rr*.—  Kcnnomic  pressures  are  put  cm  the  grower 
from  a numlier  of  sources. 

The  public  demands  top  quality  produce  and  the  grower  must  meet 
these  demands  to  obtain  the  premium  market  price.  This  requires  pro- 
tection of  the  produce  from  planting  through  harvest  and  until  it 
reaches  the  consumer. 

Certain  regulatory  pressures  concerning  contamination  of  processed 
foods  with  |>eM  fragments  have  a strong  influenev  on  jiesticidc  usage 
in  orderto  reduce  or  eliminate  the  |>esK 

IVxrinm:  (IitotT*  .wo  (Iknkrm,  IVk* 
iNu:rmihrx  ano  Mmcttm* 

Insecticides  may  In*  classilied  in  several  different  ways.  One  system 
that  Inis  l>ccn  widely  used  is  leased  on  the  mode  of  entry  of  the  insecti- 
cidal ngrnl  into  the  insect  —stomach,  contact*  and  fumigant  |*>isons. 
Stomach  |misnus  aie  materials  which  are  ingest ed  liy  the  inscv't  and  kP 
primarily  hy  action  on  or  aWtption  ftum  the  digestive  system.  Th  «r 
elfocti  vcim^s  is  generally  limits!  to  the  control  of  chewing  insects.  Con- 
tact jmisous  arc  absorl>cd  through  the  laxly  wall  and  must  come  into 
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direct  contact  with  the  insect  to  kill.  They  are  usually  required  against 
sucking  insects.  Fumigants  enter  t lie  tracheal  or  respiratory  system  in 
the  form  of  a gas  and  are  effective  against  insects  found  within  an 
enclosure. 

Hecause  of  the  large  degree  of  overlap  found  when  using  this  system 
of  classification,  insecticides  are  more  frequently  discussed  in  terms 
of  their  chemical  nature.  The  major  divisions  arc  inorganic  and 
organic.  Organic  insecticides  111*0  further  broken  down  into  oils,  hot  an  i* 
cals,  and  synthetic  compounds.  Tlio  synthetic  compounds  are  by  far 
the  most  widely  used  and  are  further  sulxlivided  on  the  basis  of  their 
chemistry. 

I.  Inorganic  luscettvidcx. — Although  inorganic  insecticides  have 
largely  been  replaced  by  more  efficient  organic  compounds,  some  still 
find  a place  in  agricultural  pest  control.  Ix*ad  arsenate  is  used  primarily 
on  trees  and  shrubs  to  control  chewing  insects.  It  may  also  be  used  in 
baits  for  the  control  of  ants  and  cockroaches.  Other  inorganic  inseetb 
rides  occasionally  used  are:  calcium  rrsenato,  various  sulfur  deriva- 
tives, and  Far  is  green.  Their  general  use  is  restricted  l>ccause  of  toxicity 
to  mailt  persistence,  and  the  advent  of  newer  and  belter  insecticides. 

J.  Oih, — Thesi  arc  usect  in  an  emulsion  and  are  employed  as  insecti- 
cides in  a number  of  ways.  They  tiuiy  l>o  used  as  solvents  or  carriers  for 
insecticides,  such  as  diesel  fuel  in  aerial  applications.  Oils  also  serve  to 
carry  insect  icidpg  over  water  for  mosquito  control  or  even  oil  alone  may 
Ik*  used  for  this  purpose.  Highly  refined  oils  which  are  relatively  non* 
phytotoxic,  are  applied  to  tree  foliage.  These  arc  known  as  summer 
oils  and  ate  effective  in  cont rolling  aphids,  mites,  and  scale  insects  on 
fruit  trees.  The  dormant  oils,  which  are  less  refined,  are  restricted  ill 
use  to  application  when  no  foliage  is  present.  They  are  effective  in 
eliminating  over-wintering  eggs  of  mites  and  aphids,  and  in  control- 
ling scale  insects, 

ftofanionh. — A numlier  of  plant  extracts  are  in  active  demand  as 
insecticides  despite  the  variety  of  synthetic  organic  compounds  now 
available.  These  extracts,  or  liotauicals,  break  down  into  harmless 
romjKnmds  soon  after  application  and  with  a few  exceptions  may  Ik* 
handled  with  relative  safely.  They  are  quite  specific  in  their  effective- 
ness, leiug  limited  largely  to  soft-bodied  insects  such  as  aphid?,  thrips, 
and  certain  caterpillars,  particularly  the  younger  stages.  The  more 
important  toxicants  include  jyrethrins,  rotenone,  and  a few  related 
compounds.  All  are  of  complex  structure,  and  there  has  been  little 
success  in  their  development  by  synthesis,  with  the  notable  exception 
of  allethrin,  which  is  a synthetic  wpyrethrin.M 

Pyrethrin  and  allethrin  are  formulated  as  dusts,  sprays,  and  aero- 
sols, usually  with  a synergist  to  increase  insect  toxicity.  They  are  noted 
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for  rapid  knockdown  of  insects  through  action  as  a nerve  poison.  Their 
low  mammalian  toxicity  makes  them  very  suitable  for  use  around  live- 
stock and  as  household  sprays.  Rotenonc  is  a selective  insecticide  that 
kills  by  inhibiting  oxygen  utilization  by  the  insect.  It  may  be  used 
•villi  relative  safely  around  most  animals,  although  swine  are  highly 
susceptible  to  its  toxic  action.  Its  greatest  use  as  an  insecticide  has 
l>een  for  control  of  cattle  grabs  and  external  |>ests  of  livestock.  Other 
l>otanicals  of  lesser  importance  include  sabadilla,  rynnin,  barthrin, 
dimethrin, and  nicotine. 

.f.  Synthetic  Organic  Insecticide*  and  Miticidc*. — The  synthetic 
organics  dominate  the  insecticide  field  today.  Rapid  developments 
makes  an  up-to-date  classification  difficult,  but  they  can  Iks  broadly 
grou|>cd  into  general  chemical  classes. 

a,  The  organochlorines  or  chlorinated  hydrocarbons  have  been 
widely  used  since  1045.  The  outstanding  feature  of  this  group  is  the 
prolonged  residual  effect  by  lx>th  contact  and  stomach  action.  They 
are  essentially  insoluablo  in  water,  ar.tl  have  little  or  no  tendency  to 
Ik)  absorbed  systemically  into  the  plant.  They  have  shown  effective 
liersistencc  for  over  10  years  in  tests  where  massive  soil  treatments 
were  used  as  in  termite  control.  Contrary  to  popular  belief,  the  or- 
ganochlorines are  rather  specific  in  their  action,  being  highly  |>oison- 
ous  to  insects  in  certain  gron|>s,  and  comparatively  ineffective  in 
killingothers. 

Resistance  to  these  insecticides  Ims  develoj>ed  in  a growing  number 
of  i>es(8  during  their  j>eriod  of  use.  The  development  of  resistance 
to  one  organochloriue  is  usually  followed  by  resistance  to  others. 
Hazards  to  applicators  are  minimal  when  these  insecticides  are  used 
according  to  directions  with  the  exception  of  endrin  which  must  be 
handled  with  extreme  care. 

The  problem  of  illegal  residues  j>ersisting  after  harvest  usually 
comes  from  this  group  of  insecticides* 

The  most  widely  used  organochlorine,  as  well  as  the  most  publicized, 
is  DDT,  which  belongs  to  a class  of  compounds  known  as  diphenyl 
aliphatic  chlorinated  hydrocarbons.  Other  compounds  related  to  DDT 
are*.  Rothane  (TDK),  Marlate  (methoxyohlor),  Kelthane  (dicofol), 
Acaraben  (chlorobenzilate),  Acaralate  (chloropropylate),  as  well  as 
a few  more  of  lesser  importance,  including  Dimite,  Karathane  (dino- 
cap), Randane,  and  Dizane.  These  compounds  are  used  at  rates  of 
l to  2 lb/A  M insecticides  and  2 to  4 lb/A  iw  miticidee. 

A second  class  consists  of  chlorinated  aryl  hydrocarbons.  This  group 
contains  a number  of  widelj  used  compounds  again  mostly  in  agri- 
culture. Examples  are  benzene  hexachtoride,  chlordane,  hsptachlor, 
aldrin,  dieldrin,  endrin,  endosulfan,  toxaphene,  and  several  more 


nf  lesser  importance.  Of  these  compounds,  chlordnne,  nldrin,  nnd 
dicldrin  nrc  widely  used  in  structural  pest  control;  e.g.,  termites. 

I).  OrganophoHpkorou * imecticidc*, — Orpin io  phosphines  have  n 
wide  rniige  of  insect icidn I effectiveness.  They  are  mainly  contact  insec- 
ticides, Millionth  many  have  fumigant  action. 

The  organic  phosphates  act  as  inhibitors  of  the  enzyme,  cholinester- 
ase. Often  the  effect  is  not  immediately  obvious  and  n worker  may  !>o 
exposed  to  the  i>oison  on  successive  days  without  apparent  ill  effects. 
However,  grave  symptoms  appear  when  the  critical  level  nf  enzyme 
inhibition  is  reach.  1.  The  hazards  of  using  the  phosphates  vary 
widely,  dcjiendiiig  on  the  compound,  lint  they  lire  generally  considered 
to  lx>  mote  toxic  than  many  of  the  orgnnoohlorines. 

The  phosphates  as  a whole  do  not  have  a long  residual  action.  This 
makes  some  undesirable  where  a long  |>eriod  of  protection  is  needed, 
but  many  of  the  phosphates  are  most  important  where  lesidue  toler- 
ances limit  the  choice  of  available  i n sect i rides,  ami  in  control  of  insects 
ivsistant  to  chlorinated  liydroenrlums. 

Agriculture  provides  the  major  market  area  for  the  organic  phos- 
phates although  a few  are  of  iin|K>rtnnce  in  the  ntva  of  public  health 
(dichlo^'os.  Abate,  and  fenthion).  A few  also  Hud  limited  use  in 
home  and  garden  products.  Iletea^yctir  derivative*  of  phosphorous 
com|>oiinds  are  applied  in  the  range  of  1 to  5 Ib/A.  Examples  are: 
(Vital  (coumaphns),  Dursban,  diazinon,  (tnthion  (azinpliosinethyl), 
and  several  othei*sof  lesser  iin|K)i1ance. 

A second  group  of  organic  phosphates  is  I ho  phrnyf  derivative*.  Ex- 
amplesnf  thisgmnp  me:  Nitrox  (methyl  pamthion), Thiophos  (|*irn* 
thion),  Hoi  net,  llaytex  (fenthion),  Abate,  Ciodriu,  plus  a largo  mini- 
tier  of  lesser  im]>ortaneo.  Application  rates  of  these  <x>ni|x>nnds  are 
typically  in  the  range  of  0,5  ln'2  Ib./A. 

'Hie  t liitxl  class  of  organophosphorous  rom|tounds  is  the  aliphatic 
dcrieafirf*.  This  group  includes  such  cnin]xmnds  as  Dylox  ( I rich  lor- 
fon),  Dihrom  (uided),  Vajxmn  (dicldoivos),  1’hosdrin  (mevinphos), 
Hidvin  (dicrotophos),  Systox  (demeton),  Thimcl  (pborale),  Meta* 
Svslox-H  (oxydemetomelhyl),  malalhion,  < 'ygon  (diiuetboale),  plus 
a uimd>cr  of  others,  These  com]>ounds  are  recommended  to  l*  used  in 
I he  general  rangr  is  1 to  5 Ib./A. 

r.  Ctubdwatr  iu*cctif  ide*% — The  rarifnmnte  insect icido*  aie  of  com- 
paratively recent  development  and  irp?r>ent  a nniipie  class  of  insecti- 
cidal mm|Kmm1s  of  considerable  diversity.  These  apparently  owe 
their  activity  to  ac  t ion  against  I he  enzyme,  cholinesterase,  as  do  the  or- 
gaiiopbosphales.  I tmvcvcr,  unlike  the  phosphates  they  are  (*oin| ic*! it v vc 
rather  than  irreveiyihlc  inhibitors  of  this  enzyme.  They  une  rapidly 
iletoxilied  and  eliminated  from  animal  tissues  nnd,  thus  are  not  nc- 
cmimlalcd  in  fats  or  excietcd  in  milk.  One  of  the  surprising  features  is 


(lie  synergistic  notion  of  carbamates  which  results  from  their  combi- 
nation with  ]>i|>ero)iy1  butoxide,  sesnmex,  sulfoxide,  MGK  204,  nnd 
other  materials  used  as  pyrethriu  synergists. 

The  carbamates  act  by  contact  or  stomach  poisoning  and  are  not 
fumigants  or  vnj>or  toxicants.  Their  major  area  of  use  is  on  agricul- 
tural crops  where  recommended  application  rates  range  from  1 to  10 
Ib./A.  The  chief  exception  is  Haygon,  which  is  rest  rioted  to  use  by  pest 
control  operations  for  n\x>t  treatment  in  the  control  of  cockroaches  and 
other  |>ost8  of  public  health  imi>ortance.  Other  examples  of  carbamate 
insecticides  are:  Hux-10,  Furadan  (enrbofurnu),  Lannate  (methomyl), 
Sevin  (carbaryl),  Zectram,  and  several  others  of  lesser  importance. 

d . M'nceUaneoux  inxecticide  comjwundx . — There  are  several  insecti- 
cides available  that  do  not  fit  in  the  above*mentioned  groups.  They 
typically  have  a more  lim.tcd  activity  spectrum  and  tend  not  to  be  os 
widely  used.  Tins  group  includes  such  materials  ns  creosote  ami  penta- 
chlorophenol,  which  are  used  primarily  to  prevent  termite  damage  to 
fence  |x>3ts  nnd  foundations.  Compounds  of  the  nitrophenol  group, 
such  as  dinit  rocresol  and  cl i n i t robiityl phenol  have  linked  use  in 
agriculture  at  1 to  3 lb./A. 

Several  fumigants  are  available  ami  are  used  both  in  agriculture  and 
for  public  health.  These  include  methyl  bromide,  hydrogen  cyanide, 
and  para«dich1orobenrene,  which  are  applied  at  alxnii  1 lb./1000  cubic 
feet  of  area.  Fly  sprays  for  use  around  the  home  and  also  in  livestock 
structures  may  contain  organic  thiocyanates,  Letliauo,  or  llianite. 

Fungicide*  and  bactericide *. — These  chemicals  are  toxic  to  fungi 
and  bacteria.  With  plant  diseases,  these  chemicals  ad  to  prevent  the 
plant  from  suffering  detrimental  effects  of  the  particular  disease. 
To  lie  effective,  the  fungicide  or  bactericide  must  la*  capable  of  prevent- 
mg  a disease  from  l>ccoming  established,  or  arresting  the  disease  If 
it  is  already  present.  To  accomplish  this,  an  effective  material  to  Iw 
used  on  cro|>sor  desired  plants  must  have  four  attributes,  in  addition  to 
relative  safety  to  the  emp  and  low  hazard  to  the  consumer  of  the 
product  nnd  applicator  of  the  roui|>mmd : (I)  The  material  must  lx* 
able  to  |>end rate  the  microbial  membrane  or  change  these  membranes 
to  establish  itself  at  the  active  locus;  (2)  it  must  enter  into  reaction 
with  normal  cell  metalxdifm  to  disrupt  the  biochemical  processes  of 
the  cell  essential  to  its  growth  and  functioning;  (3)  the  toxicant  nnist 
bo  selective  so  it  will  nut  enter  into  extraneous  reactions  in  the  plant 
cell  and  Ixvomc  detoxified  or  !>ceome  attached  to  relatively  inert  cell 
structures  such  as  s|mre  wall;  (4)  the  molecule  must  I*  sufficiently 
«4able  to  permit  its  effect  ive  use  as  a spmy  deposit,  chemotherapeutant, 
or  as  occurs  in  a few  examples,  to  generate  fungitoxic  decomposition 
products  as  required. 


Tho  discussion  of  fungicides  nnd  bactericides  in  use  today  can  best 
l>o  accomplished  through  u classification  Ims ed  on  chemistry.  As  with 
oilier  |)cstici(les,  antimicrobial  action  can  l>e  related  to  molecular 
coin|K)sition. 

1.  Tlie  inorganic  fungicide*  are  the  oldest  known  fungicides  and, 
despite  tlie  onset  of  new  synthetic  organic  coni])otinds,  arc  still  leliod 
on  by  many  growers.  Their  use  is  almost  completely  restricted  to  agri- 
culture, with  some  application  in  the  golf  course  and  turfgmss  indus- 
try, but  with  only  minor  penetration  in  the  home  ami  garden  market. 
Recommended  rates  range  from  1 to  20  Ib./A.  Example*  of  inorganic 
fungicides  on  the  market  are:  Bordeaux  mixture,  copper  sulfate,  cop* 
|>cr  oxide,  copper  zinc  chmninto, sulfur,  lime  sulfur,  mercuric  chloride, 
riorox,  cadmium  chloride,  plus  a few  other  related  compound 
mixtures. 

2.  Considerable  effort  lias  been  expended  on  the  development  of 
<niftt/o//r4  as  fungicides  and  bactericides  to  control  diseases  of  plants, 
A iiuhibernf  effective  materials  have  been  discovered  hut  have  not  Ixxui 
minced  to  commercial  use.  One  of  the  major  problems  has  !>een  phyto- 
toxicity.  Agrimycin  (streptomycin)  is  a haetericide  that  has  proven 
itself  to  l»o  an  effective  control  agent  when  used  anywhere  from  0.5  to 
2001b./A  de|>cn(lingii|>ontlietnrgct  bacterial  disease.  Act  i done  (cyclo- 
hexiinide)  exhibits  similar  activity  as  a fungicide  when  used  in  a 
range  of  5 to  100  grams  |>or  100  gallon  spray  solution. 

fl,  Organic  mercury  compound*  are  used  as  fungicides  for  seed  treat- 
incuts  nnd  for  bulb  nnd  oorm  treatments.  A few  organic  mercury  com- 
|K)imds  are  used  ns  foliar  sprays,  Arens  of  use  are  chiefly  agriculture 
with  a small  market  in  the  specially  area;  i.c.,  golf  courses  nnd  sod 
industry,  Examples  of  products  using  organic  mercury  formulation* 
are:  Phenyl  mercuric  acetate,  Semesan,  (Vrcsan  M,  Pnimgen,  Chip- 
cole  25,  Kmmi,  nnd  Memmi.  Recommended  Irentment  rates  of  these 
coni|)ounds  range  from  0.25  to  5 ounces  j>cr  bushel  of  see<l  or  0.5  to 
51h, /A. 

Several  metal  organic  fungicide*  me-  available  and  used  chiefly  for 
treatment  of  handling,  harvesting,  and  storage  equipment.  They  also 
are  used  to  prevent  not  and  mildew  in  wood  and  fabrics.  These  products 
are  recommended  to  lx*  applied  to  a 1*  to  5-perrent  solution.  Examples 
are:  Cop|>er  naphlhonale,  eop|ier  oxinate,  piinolinolatr,  and  Dit-Tcr. 

5.  The  dithiocarbamate  fungicide*  have*  their  greatest  use  for  foliar 
disease  control  of  agricultural  crops.  Many  are  also  effective  when 
used  as  a soil  drench.  Recommended  rates  of  application  range  from 
1 to  15  }b./A.  They  are,  for  the  most  part,  tlie  metallic  salts  of  dithio- 
carbamio  acid  derivatives,  Tlie  metallic  salt  form  provides  them  with 
lire  necessary  stability  to  remain  effective  long  enough  to  control  the 
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target  disense  organism.  Examples  of  dithiocarbnirmtes  being  used 
today  are  : Vapam  (SMDS),  Zerlnle  (ziram),  Parzatc  (nabani),  Man- 
znto  (innneb),  Ditlinno  Z-78  (zineb),  Artisan  (thirnm),  Fcrmnle 
(fcrbnm),nnd  Poly  rani  (metirnm). 

0.  Chlorincvontnining  fungicides  are  effective  ngninst  a large  num- 
lx»r  of  agricultural  crop  diseases.  They  may  lie  used  ns  fobnr  sprays, 
soil  drenches,  seed  treatments,  or  dornmnt  sprays.  They  nro  effective 
ngninst  turf  diseases,  |>owdcry  mildew,  scab  fungi,  and  several  other 
pathogens.  Depending  on  tho  eom|>oimd,  they  are  used  at  rates  ranging 
from  0.25  to  fi  or  10  lb./A.  Examples  of  this  class  of  fungicides  are : 
Pcnta  (POP),  Tcrracldor  (PONH),  Ilexaihlorobenzene,  Cnptan, 
Difoltan,  Plinltnn  ( £ol|)ot ) , Phygon  (dichtone),  La  list  an,  S|>ergon 
(chtoranii),  Pyrene,  Daconil  2787,  Terrnzolo,  Demosan,  and  Hot  ran 
(dichlornn). 

7.  Time  arc  a number  of  fungicides  of  variable  chemical  nature 
that  fall  into  n miscellaneous  grouping.  They  aie  used  both  in  agricul- 
ture and  in  the  sod  and  turf  industry.  Recommended  rate  ranges  are 
from  0.2  to  3 1b./A.  Examples  are:  Karnthanc  (dinocap),  Morocide 
(hinnpncryl),  Dexon,  Cyprex  (dodine),  Diphenyl,  Dowcide  A,  fllyo- 
din,  Morcstan,  and  Creosote. 

Herbicides  defoliant*^  and  dettccanf* 

There  tire  almost  100  different  chemicals  and  combinations  of  chenii- 
cnls  flint  nre  used  effectively  ns  herbicides.  There  nre  three  basic  types 
of  herbicides  depending  upon  their  effects  on  plants : Conlnct,  systemic, 
and  soil  sterilnnts. 

Contact  herbicides  kill  plant  parts  through  direct  contact  with  tho 
foliage.  Generally  the  effects  are  acute  and  the  plant  dice  quickly. 
Contact  herbicides  may  be  selective  in  their  action  or  they  may  bo 
nonselective  and  kill  all  plants. 

Systemic  herbicides  ran  lie  absorbed  by  either  the  foliage  or  the 
roots  and  may  l>e  translocated  through  the  entire  plant  system.  They 
me  usually  selective  in  their  toxicity  and  they  usually  have  a chronic 
effect  on  susceptible  plants. 

Soil  Mcrilnnts  nro  rhemicnls  which  prevent  plant  growth  when 
present  in  the  soil.  The  length  of  time  for  effectiveness  may  range 
from lessthan  IShoursloniorethan^yenrs. 

The  greatest  area  of  use  of  herbicides  is  in  agriculture,  although, 
considerable  amounts  are  used  in  maintenance  of  rights-of-way,  water- 
ways, maintenance  of  industrial  areas  in  the  home  lawn  and  garden, 
nnd  by  various Oovernmental  agencies. 

1.  /^organic  hcrblcldcn  are  derivatives  of  inorganic  acids  where 
hydrogen  haslicen  re  places  I by  a metal.  In  sufficient  concentration  these 
provide  a contact  burning  effect.  The  rates  of  application  are  usually 


high,  ranging  from  100  to  1,200  Ik/A.  Examples  uiv  : Sodium  urscuitc, 
in  1r*i  mil  arsenate,  sodium  chlorate, and  sodium  Innate. 

2.  Metahmgaaic  compound*  include  those  having  a metal  ion  com* 
plox  combined  with  nit  organic  portion  of  the  molecule.  These  com* 
pounds  nrc  usually  used  to  control  In  rye  mens  of  weeds  smell  ns  on 
railroad  mul  highway  riyilts-nf-wuy.  A few  me  selective  and  me  used 
to  control  era  by  mss  in  desirable  turf  lawns.  Examples  are:  Pisodiuin 
methane  arson  ate,  cacodyl ic  acid,  phenyl  tueiviiric  acetate,  and  several 
other  similar  products. 

tl.  (■arboxylic tironwtic  herbicide*. — This  Inrye  yroup  01  synthetic 
lierhicides  lias  chemistry  with  two  charact eristic  moieties,  a carboxyl 
yroup  and  an  rf/muof/c  yinup.  Their  activity  includes  contact,  systemic, 
and  soil  sterilnut  action,  depending  u]xm  the  cniiqiound  and  the  rate 
and  method  of  application.  They  can  be  divided  into  five  types: 
Phenoxy  acids,  phenyl  acetic  acids,  Itcuxoic  acids,  plithnlic  acids,  and 
phthahimic  acid  herbicides. 

n.  Phcuoxy  herbicide*  nrc  a selective  group  of  coui|>oiinds  used 
for  bmndleaf  weed  and  woody  plant  control.  They  are  systemic  in 
nut  111*0  and  in  warm  moist  soil  persist  SUM 50  days.  They  nrc  only 
sliybtly  toxic  to  man  and  other  animals.  Examples  aro:  2,4*1),  2,4,6-T, 
silvex,  sesone,  MCPA,  erlnui,  dichloroprop,  and  others.  The  recoin- 
mended  rate  range  for  use  is  from  0.25  to  2 lb./ A. 

ft.  Phcnylacctic  acid. — Tho  single  phenylacetic  acid  of  note  is 
fenne.  It  is  used  nt  4 to  20  Ib./A  for  a variety  of  purposes  including 
agriculture,  aquatic  weed  control,  mid  right  of*way  weed  removal.  It 
is  more  insistent  in  the  soil  than  flicph^oxy  herbicides  but  would  not 
I » ex|>ccted  to  accumulate  from  l year  to  the  next.  It  also  has  a low 
toxicity  to  mammals, 

r.  Hentoic  acid  com/>oitnd*. — The  bentoic  acid  herbicide s have  a 
longer  soil  persistence  than  the  phenoxy  coni|iouiu1s  and  have  n low- 
toxicity  to  mammals,  Their  major  use  is  in  agriculture  where  they  are 
effective  against  animal  and  |>ercimial  broadleaves  and  grasses.  Several 
show  some  crop  selectivity.  Examples  are:  Ainiben,  Hativel  I)  (di- 
emuba),  lleiienc  (PHA),  and  Try  shell  (2r%fi*TllA).  Application 
rates  range  from  1 to  4 Ib./A. 

d . Phthalic  acid  comffoundi. — The  phthalic  acid  herbicide*  n\v 
prceniergence  lierhicides  that  prevent  weed  germination.  They  are  in- 
sistent for  only  about  30  days  in  the  soil  and  they  ate  relatively  non* 
toxic  to  mammals,  They  are  used  in  agriculture  at  6 to  12  lb./A.  Ex- 
amples are:  Dadbal  (IX't’A)  nndendothall. 

e . Phthahwiie  acid  r0in/K>Mn//*.—*The  phthalamic  acid  herbicide * 
are  preemergence  compounds  with  selective  activity.  Tltey  are  applies! 
at  2 to  8 Ik/A  and  arc  used  almost  exclusively  for  agriculture.  They 


are  relatively  safe  to  humans  and  other  warm  blooded  animals.  No  re- 
sidual toxicity  is  exited  to  remain  in  the  soil  from  one  year  to  the 
next.  The  liost  example  is  Alanap  (naptalam  or  NPA)  which  is  avail- 
able in  several  forms. 

4.  Aliphatic  Acid  Herbicide *. — The  chemicals  in  this  group  are  ali - 
phatic  compound*  containing  a carboxyl  group.  They  are  grass  killers 
with  limited  toxicity  to  broadteaf  species.  At  low  rates  of  3-0  Ib./A 
they  are  agricultural  herbicides,  but  at  10-t>0  lb./ A they  are  tem- 
porary soil  sterilnnts.  They  are  only  slightly  toxic  to  humans  and 
warm-blooded  animals  and  present  no  health  hazard  under  normal 
use.  Examples  are:  Powpon  (dalapon)  and  trichloracetic  acid  (TCA). 

6.  Substituted  Phenol  Herbicide** — Substituted  phenol*  arc  used  for 
contact  killing  of  nil  woods  hit  by  the  spray.  They  arc  applied  to  rail- 
road and  highway  rights  of-way  and  industrial  areas  ns  well  ns  on 
agricultural  cro|*.  They  are  also  used,  ns  preemergenoe  herbicides. 
Their  j>ersistence  in  the  soil  is  only  about  3 to  5 weeks,  and  they  arc 
not  translocated  in  the  plant.  Examples  arc:  dinoseb  (or  DNBP) 
and  iientacldorophenol.  Their  toxicity  to  mammals  is  considered  mod- 
erate to  very  toxic. 

t*.  Heterocyclic  Nitrogen  Derivative  Herbie' le*. — The  heterocyclic 
nitrogen  derivative*  are  agricultural  herbicides  with  low  mammalian 
toxicity.  When  applied  at  l to  4 Ib./A,  they  demonstrate  good  selec- 
tivity, some  jmsscssing  prcemergence  and  some  post  emergence  activity. 
At  higher  rates  of  10  to  40  lb, /A,  a few  arc  effective  soil  sterilants. 
At  rates  of  less  than  4 Ib./A  and  under  a warm,  moist  environment 
they  seldom  persist  in  the  soil  for  more  than  I year.  Examples  arc 
Aatrex  (at ra sine),  Princep  (simaxine),  Milognrd  . (propazine)i 
pronietonc,nnd  amitrol. 

7.  Aliphatic  Organic  Nitrogen  Herbicide *. — Aliphatic  organic 
niftvgcn  com|>ounds  can  lie  aulxlivided  into  three  general  ty|>ea:  the 
substituted  ureas,  carliamates,  and  other  amides. 

a*  Substituted  Vrca*,— Vrea  is  a common  agricultural  nitrogen 
fertiliser.  Tteplacement  nf  some  of  the  hydrogen  atoms  in  the  urea 
molecule  with  other  sulistitnents  has  provided  a number  of  effective 
herbicides.  They  are  altsnrbed  easiest  through  the  roots  and  will  nor- 
mally jiersist  in  the  soil  3 to  0 months  at  prcemergence  rates  (1  to  4 
Ib./A)  and  up  to  24  months  at  soil  sterilant  rates  (80  to  50  Ib./A). 
They  are  relatively  safe  to  warmblooded  animals  and  Rsli  when  used 
at  agricultural  rates.  Examples  are:  Telvar  (monnron),  Karmex 
(dinron),  DyW  (fenuron),  Torox  (limiron),CV>toran  (fluomoluron), 
IVnoran  (chloroxurou),  Herlian  (norea),and  Tupersan  (sidnron). 

h . t'arbamatc*.— A number  of  carbamate*  have  Iwn  proven  to 
Ik*  quite  effective  as  agricultural  herbicides  when  used  at  rales  ranging 
from  1 to  fl  lb./ A.  They  are  most  effective  in  prcemergence  appliea- 


finns,  and  are  relatively  nonporsistent  in  moist,  warm  soils.  Although 
a few  carbamate  herbicides  will  cause  dermal  irritations,  they  are 
considered  to  l>c  moderately  safe  to  humans  and  warm  blooded  ani- 
mals. Examples  are:  Vegedcx  (C1)KO),  Ohloro  IP C (CIPC),  Eptain 
(EPTO),  Tillam  (pebiilate),  Satan  (hntylale),  Vernain  (vernolate), 
Carbyne  (barban),  Ordram  (moliuato),  Avadex  (dillate). 

r.  Oth%  r Amide*. — There  are  several  amide  derivatives  used  as 
herbicides  in  agricultural  and  home  and  garden  products.  They  are 
basically  preemerpent  herbicides  with  a soil  insistence  of  1 to  3 
months  at  the  recommended  rates  of  1 to  10  Ib./A.  For  the  most  part 
they  are  only  slightly  toxic,  but  one,  CDAA,  is  dcrmally  toxic.  Other 
examples  arc:  Ilymid  (diphenamid),  Botasan  (hensulidc),  Lasso, 
dioryli  Clobber  (cypromid,  aml*Stam  (propanil). 

8.  The  diniti'oanifhic  herbicide*  are  preemergence  comimunds  effec- 
tive against  annual  grasses  and  some  broadloaf  weeds.  They  are  ex- 
tensively used  in  field  and  horticultural  crop  weed  control  and  turf. 
At  the  recommended  rates  of  0.5  to  3 Ib./A,  in  warm,  moist  soil  they 
have  a iKoxistencc  of  2 to  0 months.  Their  toxicity  to  hitmans  and 
warmblooded  anima  s is  only  slight,  making  them  safe  to  handle, 
Examples  are:  Trcflan  (trifioralin),  Balan  (Ixmcfin)  and  PJanavin 
(nitralin). 

0.  The  nitrite  hnhiridrs  ale  used  for  prccmcrgrnco  hroadleaf  weed 
nmtnol  in  small  grains  and  also  in  orchards  and  nurseries.  Moderately 
toxic  to  mammals,  they  range  in  soil  i>crsistcnce  from  1 month  to  over 
*2  yea tx.  The  recommended  application  rates  vary  from  0.5  to  15  lb./A, 
de|>endiiig  upon  the  com|>oiind  and  desired  use.  Examples  nre:  Bnctril 
(hronmxynil),  (Yrtrol  (ioxynil),  and  Casoron  idichlobenil). 

10.  Herbicides  falling  into  a miscellaneous  category  include  uracil 
derivatives,  chlorinated  coin|>ounds,  aldehydes,  and  others  The  group 
includes  at  least  two  com|>oiiiuK  paraquat  and  diquat  jaossessing  higher 
mammalian  toxicity.  Others  of  this  group  arc  considered  moderately 
toxic.  They  nre  used  in  agricultureas  well  as  in  industry.  Other  exam- 
ple include:  Tnrdon  (piclornm),  piopachloi,  Aqnalin  (acrolein). 
Pyrnmin  (pyrnwm),  Sinbar  (terbacil),  and  hromacil. 

Xnnaficirfr* 

Xcmatode  control  rcquiies  the  use  of  clean  soil,  clean  planting  stock, 
mid  sanitation.  Chemicals  used  to  kill  nematodes  must  not  only  Ik* 
efficient  for  killing  the  organism,  Init  also  must  leave  no  residues  barm* 
fnl  to  plants.  Preferably  they  should  Ik*  easy  to  apply.  The  most  effec- 
tive ncmaticidcs  havelieen  thus*  with  fumigant  action.  The  fumigant 
action  may  come  from  a gns  confined  at  the  soil  surface  or  from  volatile 
liquid  ov  grnindar  compounds  actually  placed  in  the  soil.  All  a re  poison- 
ous to  man  and  animals. 


/.  Ilalogenated  Hydrocarbon  Nematicides  < — These  nematicides  may 
be  injected  into  the  soil  or  they  may  be  gaseous  fumigants  applied  to 
the  soil  surface  under  gasproof  covers.  They  have  a residual  activi- 
ty of  about  1-6  weeks  during  which  time  they  can  be  harmful  to  plants. 
They  should  be  regarded  as  moderately  to  very  toxic  to  the  applicator. 
Many  are  mixtures  of  two  or  more  active  compounds.  Examples  are; 
Dowfume  MC-33  (methyl  dibromide -f  chloropicrin,  D-D  (dichloro- 
propane-bdichloropropene) , Tclonc  (mixture  of  chlorinated  C3  hydro- 
carbons), Nemagon  (dibroinochloropane),  and  ethylene  dibromide. 
Rates  of  application  recommended  for  these  compounds  are  1 to  2 lb./ 
100  ft.2  of  fumigant  or  12  to  20  gal. /A  of  soil  injected  liquid. 

2,  Organic  Phosphate  Nematicides . — A special  formulation  contain- 
ing 4 lb. /gal.  diazinon  controls  soil  insects  and  ccto-parasitic  nematodes 
of  southern  turf  grasses.  This  product,  Sarolex,  has  a recommended  ap- 
plication rate  of  10  to  20  lb./A. 

3,  Cyanate  Nematicides . — Vorlex  is  a preplant  soil  fumigant  that 
controls  weeds,  fungi,  insects,  and  nematodes.  It  is  a mixture  of  methyl 
isothiocyanate  and  chlorinated  C3  hydrocarbons.  This  mixture  is  ap- 
plied at  about  20  gal. /A.  At  least  2 weeks  must  be  allowed  before  plant- 
ing a crop.  No  cover  or  water  seal  required. 

If.  Thiophene  Nematicides. — An  example  of  a thiophene  nematicide 
is  Penphene  (tetrachlorothiophene,  or  TCTP).  It  is  recommended  for 
controlling  a number  of  nematode  pests  on  tobacco.  It  kills  by  fumi- 
gant action  when  injected  into  the  soil  at  6 to  8 lb./A.  After  2 weeks 
the  soil  must  be  aerated  before  the  crop  is  planted. 

Rodenticides  and  mammalian  biocides 

The  interrelationships  of  man  and  animals  have  become  increasingly 
complex  as  human  populations  have  increased.  As  wildlife  habitats 
have  become  altered,  certain  species  have  established  ne>v  balances. 
Thus  some  species  have  substantially  increased  in  population  density, 
often  creating  problems  that  adversely  affect  man’s  interests  and  wel- 
fare. There  are  numerous  situations  when  control  of  predators  and 
rodents  is  essential  to  protect  agricultural  and  pastoral  interests  as 
well  as  human  health  and  safety. 

Of  the  various  kinds  of  nuisance,  destructive,  disease-carrying,  or 
predatory  mammalian  pests,  rodents  are  the  main  targets  of  control.  A 
number  of  chemical  control  measures  have  been  developed  for  rodents, 
many  of  which  can  be  used  on  other  mammalian  pests  such  as  coyotes, 
skunks,  raccoons,  etc.  Compounds  which  are  toxic  to  rodents  are  usu- 
ally also  toxic  to  humans  and  should  be  handled  with  utmost  caution. 

/.  Inorganic  rodenticides . — There  are  a number  of  inorganic  com- 
pounds that  are  effective  against  such  pests  as  rats,  mice,  moles,  and 
gophers  where  they  are  problems.  Although  most  often  used  as  1 to  2 
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percent  baity,  a few  are  active  ns  fumigants.  Examples  of  some  inor- 
ganic rodenticides  are:  arsenic  trioxide,  arsenic  sulfide,  barium  car- 
bonate, calcium  cyanide,  zinc  phosphide,  thallium  sulfate,  and  sodium 
fiuorosilicate  + zinc  cyanide. 

V.  Botanical  rodenticides . — Certain  plant  extracts  have  toxic  ac- 
tivity toward  rodents  when  used  in  baits  at  0.5  to  1 percent.  One  of 
these,  red  squill,  is  specific  for  rats  a id  nontoxic  to  other  warm-blooded 
animals  when  used  at  specified  rate  ranges.  Strychnine  in  l^oth  the 
alkaloid  and  sulfate  form  is  used  chiefly  in  poison  baits  set  for 
squirrels, gophers,  rabbits,  and  some  lesser  pests. 

3,  Anticoagulant  rodenticides. — The  anticoagulant  rodenticides  are 
highly  effecti  re  in  controlling  rats  and  house  mice.  They  are  essentially 
odorless  and  tasteless  and  arc  effective  in  low  doses.  Action  is  not  rapid 
and  usually  8 to  5 feedings  from  a 0.5  percent  bait  is  required.  Death 
is  due  to  internal  hemorrhaging.  These  baits  are  recommended  for 
use  only  in  protected  situations  where  access  by  higher  animals  is  pre- 
vented. Examples  of  this  class  are:  Fnmarin  (conmafuryl),  Diphacin 
(diphacinone),  Warfarin  (coumafene),  Pival  (2-pivalyl-l,3-inan- 
dione),  and  Valone  (2-isovaloyl-l,3-indandione) . 

4>  Fluoride  Rodenticides . — The  fluoride  rodenticides  are  extremely 
toxic  to  warm-blooded  animals  and  their  application  is  restricted  to 
use  by  licensed  pest  control  operators.  They  are  odorless,  tasteless, 
and  fast  acting,  chiefly  affecting  the  heart,  with  secondary  effects  on 
the  central  nervous  system.  Two  such  compounds  are  in  use  : Com- 
pound 1080  (sodium  fluoroacetate)  and  Fluoroakil  100 
(fluoroacetamide). 

3.  Miscellaneous  Rodenticides . — There  are  a few  other  rodenticides 
available  with  a greater  degree  of  selectivity  toward  rats.  One  of 
these,  ANTU  (2-napthylthiourea)  is  specific  for  the  Norway  rat  when 
used  as  a 1 to  2 percent  bait.  Another  is  a specific  single  dose  rat 
poison  for  Norway  and  roof  rats.  This  compound,  Raticate  (nor- 
fonnide),  is  said  to  be  nontoxic  to  a large  number  of  other  warm- 
blooded animals. 

Mollusc  icides 

There  are  several  invertebrate  poisons  used  to  control  molluscs 
where  their  presence  is  undesirable.  They  are  relatively  specific  and 
are  essentially  nontoxic  to  fish  and  warm-blooded  animals. 

Polystream  is  a mixture  of  chlorinated  benzene  fractions  that  is 
effective  in  oyster  beds  to  control  oyster  drill,  a predatory  snail. 

Bayluscide  (ehlonilralid)  is  used  to  control  snails  and  lamprey  in 
flowing  streams. 

Matacil  (ainiuocurb)  is  a carbamate  insecticide  that  is  also  very 
effective  in  controlling  garden  snails  and  slugs. 
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Mctnldehyde  is  a component  of  slug  and  snail  baits  that  acts  both  as 
an  attraetant  ami  toxicant.  It  may  be  formulated  with  or  without 
calcium  arsenate. 

Pkcicidts 

The  use  of  piscicides  is  restricted  to  game  and  fish  management  for 
improvements  to  public  waters.  The  main  objective  is  to  remove  rough 
or  trash  fish  prior  to  restocking  lakes  and  rivers  with  more  desirable 
game  fish. 

Most  widely  used  for  this  purpose  is  rotenone,  a highly  toxic  fish 
poison.  Used  in  low  dosages,  it  stuns  the  fish.  As  the  fish  surface, 
desirable  species  are  seined  out  and  placed  in  fresh  water  tanks  where 
most  revive.  A second  lake  application  kills  undesirable  fish. 

The  antibiotic  antimycin  is  finding  increasing  use  as  a fish  toxicant. 

Lamprieide  L-30-F  (3-trifluoromethyl4-nitrophenol)  has  been 
used  extensively  in  stream  management  to  control  populations  of 
lamprey. 

Toxaphene  has  also  been  used  on  occasions  as  a means  of  killing 
undesirable  fish  in  water  management  programs  though  it  is  not  reg- 
istered for  the  use  and  the  manufacturer  discourages  it. 

Avicides 

Some  of  the  most  difficult  control  problems  concern  birds  in  cities, 
at  airports,  around  homes,  and  those  which  gather  in  great  flocks  and 
cause  damage  to  grain  crops,  animal  feedlots,  truck  and  fruit  crops. 
Some  of  the  more  troublesome  species  are  pigeons,  gulls,  starlings, 
and  blackbirds. 

Avitrol  (4-aminopyridine)  controls  nuisance  and  destructive  birds 
as  a treated  grain  bait.  It  causes  individual  members  of  the  flock  to 
utter  distress  cries  which,  in  turn,  causes  other  members  of  the  flock 
to  leave  and  avoid  the  “undesirable  place/’  It  is  used  to  control  pigeons 
around  city  buildings,  gulls  at  airports,  and  starlings  in  feedlots. 

Another  compound,  Queletox  (a  formulation  of  Baytex  insecticide), 
is  also  used  to  repel  birds  by  affecting  a few  individuals  which  frighten 
others  away. 

Also  used  for  bird  control  because  of  their  repellent  action  are 
smthrnquinone  and  thiram.  Thallium  sulfate  may  be  used  in  a bait  to 
control  starlings  but  is  restricted  to  use  by  Government “hgcncics 
because  of  dangerous  cumulative  poisonous  properties. 

Belated  Materials  and  Their  Uses 

REGULATORS  OF  PLANT  GROWTH  AND  REPRODUCTION 

The  control  of  plant  growth  nnd  differentiation  through  the  use  of 
chemical  substances  is  a new  development,  A number  of  chemicals  are 
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now  known  that  have  a relatively  broad  spectrum  of  effects  while 
others  merely  mediate  or  block  specific  metabolic  pathways.  As  a gen- 
eral class  of  compounds,  the  plant  growth  regulators  are  considered 
to  be  relatively  nontoxic  to  humans  and  other  warm-blooded  animals. 
Their  persistence  in  soils  is  short,  only  4 to  0 weeks, 

.1w/r — -Synthetic  auxins  were  the  first  chemical  regulators  to 
find  widespread  agricultural  use.  Kate  levels  of  10  to  50  ppm  are  use- 
ful for  promoting  rooting  of  cuttings,  setting  of  fruit,  fruit  thinning, 
delaying  preharvest  drop  of  fruit,  and  for  control  of  flowering  of 
pineapple.  Examples  of  synthetic  auxins  in  use  today  are:  0-indolc- 
butyric  acid,  m-napthalenencetie  aokl,/3-napthoxyacetio  acid,  /;-cldoro- 
phenoxyaeetie  acid,  2,4*dichlorophcuoxyacetic  acid  (2,4-D),  2,4,5-T, 
and  silvox. 

Gibberellinx. — A large  number  of  varied  responses  in  plants  arc  as- 
sociated with  the  gibberellins.  There  is  marked  stein  elongation;  over- 
coming of  physiological  and  genetic  dwarfism;  acceleration  of  flower- 
ing in  cold-requiring  biennials  and  long-day  plants;  promotion  of 
fruit  setting;  fruit  enlargement ; elimination  of  seed,  bud,  and  vegeta- 
tive dormancy;  promotion  of  lateral  bud  growth;  seed  germination; 
and  growth  at  subopt imal  temperatures.  Rates  of  application  vary 
with  the  effect  desired  and  may  be  from  1 to  1,500  ppm.  The  chief 
example  is  gibberellic  acid  (gibbere)lin  A3) . 

Gytokinim* — These  compounds  are  of  relatively  recent  origin  with 
their  use  potential  being  limited  to  favorable  effects  of  prolonging 
storage  life  of  green,  leafy  vegetables  and  possibly  in  the  enhance- 
ment of  fruit  setting.  They  are  applied  at  rates  of  f>  to  10  ppm  and 
are  often  combined  with  one  of  the  other  kinds  of  growth  regulators. 
Examples  of  the  cytokinin  group  are:  N0- benzyl  adenine,  N6-benzyl- 
9-tetrahydropyranademne,  and  zeatin. 

Growth  Retardant*.  The  growth  retardants,  or  inhibitors,  may  be- 
come useful  in  the  growing  and  handling  of  crops  and  in  reducing 
woody  plant  growth.  They  inhibit  sprouting  of  onions  and  potatoes 
in  storage;  they  increase  wheat  yields  by  increasing  tillering  and 
stimulating  shorter  and  thicker  stems  to  reduce  lodging.  A few  are 
used  extensively  to  control  growth  of  flowers  and  ornamentals.  They 
may  increase  cold  resistance.  Examples  of  growth  retardants  are: 
maleic  hydrazide,  Cycoecl,  Alar,  and  Phosplion. 

Chemical  Repellent* 

Repellents  have,  two  principal  advantages:  since  they  need  not  kill 
the  pest  species,  the  best  repellents  have  low  general  toxicity  and  may 
be  used  safely  on  man,  beneficial  animals,  and  food  plants;  and  they 
can  provide  protection  for  an  individual  man,  animal,  or  plant  with- 


out  the  necessity  of  destroying  a huge  segment  of  the  pest  populations, 
with  all  the  expense,  difficulty  and  even  hazard  that  this  may  involve. 
Repellents  also  have  some  disadvantages.  Reeauso  the  pest  population 
is  not  destroyed,  but  only  held  at  bay,  the  host  must  be  completely 
and  continuously  covered  with  the  repellents  to  obtain  protection. 
Usually  the  repellents  that  protect  man  and  animals  are  lost  rapidly 
by  abrasion,  evaporation,  and  absorption  through  the  skin,  necessitat- 
ing re-treatment  at  intervals  of  a few  horn's  or  days  at  most. 

The  uses  of  repellents  include  protection  for  domestic  animals  from 
biting  flies.  These  may  be  combined  with  a low  level  of  pyrethrins. 
Man  uses  repellents  to  help  ward  off  biting  and  disease-carrying  in- 
sects such  as  mosquitoes,  flies,  and  ticks.  Repellents  arc  also  used  to 
prevent  pests  from  infesting  certain  areas  such  as  food  and  drink 
containers,  as  well  as  termite-susceptible  structures. 

Some  insect  repellents  available  are:  Ethyl  hexanediol  (6-12), 
N,  N-diethyl-m-toluamide,  butoxy  propylene  glycol,  dibutyl  succinate, 
and  octyl  propyl  sulfoxide. 

Attractants 

Chemical  attractants  and  associated  agents  serve  useful  purposes 
ns  lures  in  traps.  As  insect  attractants  they  are  used  to  detect  pest 
infestations,  estimate  population  densities  and  aid  in  control  of  the 
pest  either  through  traps  or  incorporated  into  poison  baits. 

Some  chemical  attractants  are  biologically  active  in  extremely  small 
quantities.  This  is  particularly  true  for  those  associated  with  sexual 
behavior.  Others  are  apparently  feeding  attractants.  Although  not- 
always  true,  insect  attractants  are  usually  quite  specific  for  a given 
species  and  often  for  a single  sex  of  the  species. 

There  are  at  least  seven  synthetic  attractants  available  for  use  in 
control  of  fruit  flies  and  melon  flies.  They  are  methyleugenol,  anisyl- 
aeetone,  cuelure,  siglure,  inedlure,  and  trimedlure.  These  have  been 
very  effective  in  aiding  with  Mediterranean  fruit  fly  control.  Other 
attractants  are  gyplure,  bombykol,  butylsorbate,  and  methyllinolate. 

Legislation  and  Regulation  Relating  to  Pesticide  Pkoduction 

and  Use 

Experimental  labels,  as  currently  administered,  offer  an  opportunity 
for  a manufacturer  to  place  a relatively  small  amount  of  a product 
on  the  market  in  order  to  better  determine  the  acceptance  of  the  prod- 
uct in  the  market  and  the  need  that  it  may  or  may  not  fulfill  in  the 
marketplace.  The  advantages  of  this  approach  are  that : 

1,  The  manufacturer  can  get  an  early  assessment  of  the  future  of 
the  product  which  may  help  him  determine  the  amount  of  investment 
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he  must  make  in  new  manufacturing  plants  and  further  product 
developments;  and 

2.  It  permits  the  regulatory  agency  to  have  a close  look  at  any 
problems  that  may  be  encountered  by  the  product.  Efficacy  or  safety 
deficiencies  will  likely  be  brought  out  by  the  experimental  label  pro- 
cedure without  an  overwhelming  liability  to  the  manufacturer  or 
threat  to  the  environment  or  populace. 

In  recent  years  experimental  labels  have  been  more  widely  used* 
Under  present  procedures  it  is  necessary  to  account  for  all  material 
placed  under  the  experimental  label  and  to  provide  biological  results 
on  the  material  used.  This  procedure  is  helpful,  but  a further  step 
appears  in  order;  namely,  the  limited  sale  in  regular  commercial 
channels  without  the  requirement  of  biological  results  on  the  material 
should  be  permitted  or  even  made  mandatory  for  1 year  prior  to  a 
full  registration.  This  would  go  even  further  toward  enabling  the 
manufacturer  to  assess  the  product  in  the  marketplace  but  with  a 
limited  exposure  on  his  part  and  would  similarly  provide  the  regula- 
tory agency  with  a greater  opportunity  to  assess  possible  threats  to 
man  or  his  environment.  The  experimental  label  is  not  now  a man- 
datory procedure,  though  it  is  becoming  much  more  widely  used*  If 
the  limited  label  concept  is  instituted,  it  is  proposed  that  the  limited 
label  be  mandatory  but  that  the  experimental  label  remain  discre- 
tionary on  the  pail  of  the  applicant. 

Improved  Label  Clarity 

Efforts  should  be  made  to  achieve  label  clarity.  The  purpose  of  the 
label  on  pesticide  containers  should  be  *o  identify  the  product,  explain 
the  use,  and  provide  adequate  directions  for  use  and  sufficient  pro- 
tection for  the  applicator.  Specific  improvements  recommended  for 
greater  clarity  ? re: 

1.  The  use  of  the  product  should  be  prominently  displayed  on  the 
front  panel  in  language  familiar  to  the  consumer;  such  us,  “Weed 
Killer,”  “Insect  Killer,”  “Growth  Regulator,”  etc. 

2.  The  ingredient  statement  should  be  simplified.  It  should  use  com- 
mon names  only  (and  every  active  iugredieut  should  have  a common 
name)  with  no  reference  to  chemical  names  as  a footnote  outside  the 
ingredient  statement,  no  reference  to  licensing  agreements,  no  patent 
declaration,  and  no  conversion  to  equivalents  within  the  ingredient 
statement.  Otherwise,  the  style  for  the  declaration  of  ingredients 
could  remain  identical  to  current  requirements  of  I’SDA*  The  entii'e 
ingredient  statement  should  be  printed  in  such  a way  as  to  stand  out 
from  the  rest  of  the  label  copy;  i.e.,  printed  with  a contrasting 
background. 
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3.  The  label  should  specify  what  the  product  will  and  will  not  do. 
Organisms  to  which  t lie  product  is  hazardous  should  be  indicated. 
For  example,  if  a compound  is  known  to  be  very  toxic  to  specific 
types  of  animals  such  as  fishes  or  birds  this  information  should  be 
highlighted  on  the  label. 

4.  The  label  should  be  dated  in  some  manner — date  of  manufacture; 
an  expiration  date  based  on  product  shelf  life  or  stability;  or,  at  the 
least,  the  date  of  label  registration  expiration. 

5.  It  is  recommended  that  an  entirely  new  scheme  of  denoting 
relative  toxicity  be  devised.  The  average  consumer  does  not  understand 
the  progression  from  caution,  warning,  to  poison.  A graphic  or  numer- 
ical representation  of  the  degrees  of  oral  and  dermal  toxicity  should 
bo  developed  to  enable  consumers  to  select  less  hazardous  materials. 
Professional  graphic  communicators  should  be  consulted  on  this 
project.  Cautionary  statements  should  clearly  indicate  the  hazards 
without  undue  cautionary  statements. 

0.  The  manufacturer  should  be  responsible  for  providing,  on  the 
label,  information  on  how  to  handle  spillage  and  other  accidents. 
Complete  instructions  on  the  disposal  of  excess  material  and  empty 
containers  should  be  provided. 

Consideration  of  Experimental  Stock  in  Commercial  Channels 

During  the  past  quarter  century  of  intensive  organic  chemical 
pesticide  development,  many  products  and  product  forms  have  been 
placed  on  t lie  market.  Today,  with  greater  knowledge  and  better  ana- 
lytical tools,  regulatory  agencies  would  probably  not  allow  some  prod- 
ucts on  the  market  at  all.  Other  products  would  require  much  more 
restrictive  labels.  The  problem  is  especially  acute  in  the  area  of  home- 
owner products,  where  some  highly  toxic  materials  have  been  made 
available  to  the  homeowner  in  small  packages  and  where  other  prod- 
ucts have  borne  unrealistically  restrictive  labels  such  as  “Wear  rubber 
gloves,  mask  and  goggles,”  or  “Wear  protective  clothing.”  Problems 
of  shelf  life,  chemical  stability,  and  physical  stability  have  undoubt- 
edly arisen  in  many  of  these  products.  Packaging  materials  of  several 
years  ago  may  be  less  satisfactory  than  would  be  permitted  today. 

At  the  present  time,  all  pesticide  products  are  registered  with  the 
USDA  for  a 5-year  period.  This  expiration  date  does  not  now  appear 
on  the  label.  If  it  did,  all  obsolete  stock  not  bearing  a valid  expiration 
date  should  be  collected  and  disposed  of.  Collection,  of  course,  causes 
the  problems  of  financial  responsibility  to  be  brought  forth.  In  many 
cases  the  product  might  be  returnable  to  the  manufacturer.  In  cases 
where  companies  have  gone  out  of  existence,  some  other  means  of 
indemnification  at  public  expense  should  be  considered.  It  is  impera- 
tive that  a realistic  and  workable  collection  and  disposal  system  for 
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both  pesl icicle  mid  containers  be  established,  and  it  is  suggested  tlmt 
mil'  present  county  agent  system  for  rural  areas  and  public  health 
oflicer  system  for  urban  areas  might  l h?  the  appropriate  collection 
center.  The  removal  of  all  obsolete  stock  from  commercial  channels 
would  permit  much  better  regulation  of  new  products  and  would  re- 
move many  potential  hazards  from  the  marketplace. 

Problems  of  Introduction  of  Nkw  Pesticides — Costs 

The  development  cost  for  any  new  pesticide  is  influenced  by  a num- 
ber of  factors.  Some  of  these  are  related  to  the  nature  of  the  chemistry 
of  the  pesticide;  but  the  most  important  influences  on  cost  are  those 
caused  by  the  nature  of  our  economy;  i.e.,  labor  costs,  equipment  cost, 
facilities  overhead,  etc,,  and  (lie  intended  use  of  the  new  pesticide;  i.e., 
food  crop  or  nonfood*crop  use. 

Some  insight  into  the  cost  of  developing  a new  pesticide  can  be 
gained  from  a review  in  a recent  publication  on  K & I)  costs  which 
appeared  in  the  April  26, 1000,  issue  of  Chemical  Week*  page  38.  The 
following  table  outlines  costs  for  various  stages  in  pesticide  develop- 
ment and  indicates  the  odds  of  reaching  ouch  stage. 


Step 

Average 
cost  per 
compound 

Chance  of 
reaching 
next  step 

Cumulative 

Total 

r.&  n. 

c <st 

•Synthesis  and  initial  screening. 

$400 

1:100 

1 : 100 

&40,  000 

Toxicity  testing 

100,  000 

1:10 

1:1,  000 

1,  000,  000 

Field  evaluation 

400,  000 

1:4 

1:4,  000 

1 , 600,  000 

Product  development 

Process  development  and 

200,  000 

1:2 

1:8,  000 

400,  000 

pilot  plant, 

200,  000 

1 : 1.  5 

1:12,  000 

300,  000 

Test  marketing 

200,  000 

1:1.5 

1:18,  000 

300,  000 

Commercialization 

1 I,  000,  000 

1:2 

1:36,  000 

2,  000,  000 

Totals 

2,  100,  400  _ 

5,  640,  000 

Sales  over  $o  million/year 

1:10 

1:360,  000 

‘This  assumes  no  marketing  organization  has  been  established.  Otherwise,  the  commercialization  step 
Would  bo  reduced  to  $200,000,  Source:  Arthur  I>.  Little-  Figures  arc  for  1964,  latest  year  for  which  they  are 
available. 


The  value  given  for  “toxicity  testing*7  appears  to  be  low,  particularly 
if  a compound  is  to  be  used  on  a food  crop.  The  overall  figure  of  $2.1 
million  per  compound  ’appears  to  be  a reasonable  one.  For  pesticides 
to  be  used  on  nonfood  crops,  this  figure  can  be  somewhat  reduced.  The 
annual  outlay  for  agricultural  research  by  industry  was  reported  at 
$473  million  in  1965,  which  represented  55  percent  of  all  funds  sj>cnt 
by  government  and  industry  for  this  purpose  (from  the  National  Pro- 


gram  of  Research  for  Agriculture,  USDA,  1966).  Thus,  the  search  for 
new,  more  effective  pesticides  is  an  expensive  one. 

Reduced  incentives 

An  important  part  of  every  decision  to  develop  a new  pesticide  is 
the  competitive  situation  in  the  marketplace.  Quite  obviously  a new 
compound  which  has  better  activity,  is  safer  or  more  convenient  to  use, 
or  is  less  costly  than  competitive  pesticides,  has  economic  advantages 
which  may  make  the  market  attractive.  However,  in  many  cases  these 
factors  are  unknown  or  difficult  to  determine  accurately  in  the  early 
stages  of  product  development.  Thus,  a development  decision  is  often 
made  on  the  basis  of  limited  knowledge  of  the  true  potential  of  the 
compound.  Mistakes  can  be  made  which  add  to  the  development  cost 
prorated  against  successful  products. 

When  faced  with  decisions  regarding  the  commitment  of  several 
hundred  thousand  dollars  to  compound  development,  research  manage- 
ment often  looks  to  the  profitability  of  the  market  for  the  compound. 
When  faced  with  such  products  as  2,4-D  (selling  wholesale  at  less  than 
40  cents  per  pound)  and  DDT  (at  less  than  18  cents  per  pound),  man- 
agement has  difficulty  in  justifying  a large  research  expenditure  for 
a compound  that  has  similar  biological  activity.  In  addition,  if  ade- 
quate technical  support  is  to  be  given  a new  product,  there  must  be 
sufficient  return  to  finance  such  support  over  at  least  the  initial  years 
of  consumer  use  when  he  is  learning  to  use  the  compound  correctly.  At 
the  outset  when  the  ability  of  the  new  product  to  compete  with  existing 
and  perhaps  lower  cost  materials  is  unknown,  only  those  compounds 
possessing  distinct  advantages  over  existing  products  have  a chance 
for  success. 

Increased  regulatory  requirements 

Regulatory  requirements  can  be  expected  to  be  increasingly  more 
stringent  as  the  years  go  by.  As  our  technology  advances,  there  will  be 
many  more  questions  to  answer  and  requirements  to  be  met.  Each  new 
pesticide  not  only  must  satisfy  existing  requirements  but  in  itself 
creates  new  questions  which  must  be  answered. 

In  the  quest  to  learn  more  about  the  impact  of  chemical  pesticides 
on  the  environment,  there  will  be  new  information  developed  which 
may  alter  present  pesticide  regulatory  requirements.  Thete  will  be 
more  interest  in  persistence,  metabolites  in  plants  and  soils,  water  and 
air  pollution,  etc.  It  can  be  expected  that  governmental  regulatory 
agencies  will  constantly  modify  requirements  with  changing  patterns 
of  agricultural  technology  and  cultural  practices.  Just  os  the  science 
of  agriculture  changes,  the  regulations  governing  pesticide  develop- 
ment and  use  will  change  as  needed.  We  must  insure  that  such  changes 
are  well  founded  and  beneficial  to  agriculture  and  mankind.  Every 
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technological  advance  is  associated  with  certain  risks.  In  the  final 
analysis  the  benefits  to  mankind  must  be  weighed  against  the  risks  to 
mankind. 

Multiple  regulations 

As  Federal  Government  regulatory  requirements  increase,  it  is 
safe  to  predict  that  there  will  be  greater  interest  on  the  part  of  State 
and  local  governments.  California  has  been  a leader  in  the  develop- 
inent  of  a state  regulatory  program;  other  States  have  a good  begin- 
ning, and  still  others  will  follow  suit.  In  all  probability  most  State 
regulations  will  follow  Federal  guidelines  and  will  likely  be  less 
demanding. 

Limited  markets 

Two  types  of  limited  markets  can  be  envisioned,  one  governed  by 
crop  acreage,  the  other  by  competition.  In  the  first  situation,  the  crop 
acreage  potential  for  the  pesticide  is  so  limited  as  to  make  the  market 
too  small  for  an  economic  return  on  research  cost;  e.g.,  a herbicide  for 
garlic  or  turnip  greens.  In  the  other  situation,  a large  number  of 
efficacious,  low-cost  products  on  the  market  so  limit  the  potential  for  a 
new  material  of  equal  or  slightly  better  activity  that  a return  on 
research  investment  cannot  be  realized. 

Public  reaction 

While  somewhat  unpredictable,  we  can  expect  greater  awareness  by 
the  public  of  pesticides  and  their  nsc.  Everyone  in  government  and 
industry  has  a serious  moral  obligation  to  deal  in  facts  to  the  public  if 
pesticide  and  agricultural  technology  are  to  advance.  Reporting  and 
exaggerating  the  danger  of  pesticide  usage  without  equal  treatment 
of  the  beneficial  aspects  of  pesticides  threatens  to  retard  the  advancing 
technology  required  to  meet  food  and  public  health  demands  around 
the  world. 

Advantages  Disadvantages  of  Substitute  Methods  of  Pest 

Control 

There  is  growing  concern  about  the  distribution  of  pesticide  residues 
m the  environment,  the  effects  of  these  residues  on  ecological  systems, 
and  possible  effects  on  human  health.  Therefore,  there  is  growing 
interest  in  alternative  means  of  controlling  pests.  Some  of  the  proposed 
alternatives  themselves  present  hazards  that  should  be  carefully  con- 
sidered before  they  are  put  into  widespread  use.  Our  purpose  here  is 
briefly  to  consider  some  of  the  consequences  of  replacing  present 
methods  of  control. 

DDT  is  a very  low’  cost  material  (17.5  cents  per  pound,  1968)  and 
it  is  unlikely  that  any  effective  insecticide  will  be  produced  that  does 
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not  cost  more  on  a unit  weight  basis.  However,  any  control  method 
tlmt  does  not  lmve  to  be  repeated  frequently  will  cost  less  in  the  long 
run,  and  any  that  do  not  have  the  damaging  side  effects  on  the  environ- 
ment that  DDT  exhibits  will  have  rather  intangible  values  that  can  at 
least  partially  compensate  for  greater  dollar  costs. 

It  is  felt  that  a reconsideration  of  cultural  controls  such  as  schemes 
of  crop  rotation  and  trends  away  from  monoculture  of  single  crops 
over  huge  areas  is  needed.  It  is  widely  taken  for  granted  that  such 
methods  would  add  greatly  to  labor  costs,  but  we  are  unaware  of  any 
cost-benefit  analyses  that  have  taken  account  of  all  relevant  factors 
including  the  savings  in  pesticide  costs  and  the  intangible  benefits. 

More  emphasis  should  be  placed  on  the  development  of  resistant 
varieties  of  crops.  This  is  the  only  method  of  control  that  has  proved 
feasible  against  the  stein  rusts  of  cereals,  and  the  approach  should  be 
extended  to  other  types  of  pests.  Although,  as  with  the  rust  fungi,  pests 
are  likely  to  evolve  the  ability  to  exploit  resistant  strains  of  crops,  the 
availability  of  strains  with  different  patterns  of  resistance  to  pests  can 
greatly  alleviate  the  need  for  other  means  of  control. 

Research  should  be  encouraged  on  the  possibilities  of  displacing  pest 
species  through  competition  with  innocuous  species.  For  example, 
most  species  of  blackflies  will  not  bite  man.  It  is  conceivable  that  some 
simple  environmental  modification  could  lead  to  displacement  of 
noxious  forms. 

These  approaches,  together  with  quarantine  regulations  and  the 
synthesis  of  insect  pheromones  which  Avould  be  absolutely  specific  for 
a particular  pest  species,  are  not  regarded  as  involving  any  risks  of 
undesirable  side  effects.  Some  other  proposed  alternative  controls 
require  further  discussion. 

Alteimative  chemicals 

As  the  chemical  insecticides  currently  in  use  are  removed  because 
they  have  lost  their  effectiveness  or  have  been  recognized  as  hazardous, 
consideration  will  be  given  to  replacing  them  with  other  chemicals  that- 
may  be  even  more  hazardous.  For  example,  parathion  is  an  extremely 
poisonous  chemical  that  can  be  absorbed  through  the  skin.  It  has  caused 
a significant  number  of  human  deaths  when  used  without  proper 
precautions. 

While  most  of  the  organophosplmte  pesticides  usually  break  down 
quite  rapidly  in  the  environment  they  can  affect  various  enzyme  sys- 
tems in  man  and  domestic  animals  at  very  low  concentrations.  The 
effect  of  prolonged  exposure  to  minimal  residues  of  other  pesticidal 
chemicals  are  unknown. 

Very  little  is  known  about  possible  synergistic  or  antagonistic  in- 
teractions of  various  chemicals.  It  is  known  that  when  dieldrin  and 


DDT  are  pivsent  simultaneously,  each  affects  the  storage  of  the  other 
in  fatty  tissue.  It  has  been  reported  that  the  presence  of  detergents  in 
bodies  of  water  prolongs  the  residual  time  of  organophosphates.  Pesti- 
cide lesidues  are  believed  to  have  the  potential  for  altering  body  re- 
sponses to  drugs.  These  interactions  are  essentially  unpredictable  and 
difficult  to  investigate  experimentally,  but  are  indicative  of  the  in- 
evitable risks  involved  in  introducing  new  chemicals  into  the 
environment. 

Biological  control 

The  principal  hazard  of  introducing  piedators  into  a new  region 
is  the  possibility  that  the  introduced  species  will  itself  become  a pest. 
The  mongoose  was  introduced  into  the  West  ladies  for  the  purpose  to 
control  rats  but  it  became  a serouge  of  poultry  raisers  and  of  the 
native  ground  nesting  birds. 

An  outstanding  success  of  biological  control  in  Australia  was  con- 
trol of  the  prickly  pear  cactus  by  a moth  imported  from  Uruguay.  In 
this  case,  prior  to  the  introduction,  Australian  scientists  carefully 
screened  various  potential  control  agents  and  rejected  several  because 
it  was  found  that  they  would  feed  on  garden  crops  if  they  ran  out  of 
cactus. 

Care  should  also  be  taken  with  the  introduction  of  bacterial  and 
fungal  diseases  to  be  certain  that  they  are  not  going  to  attack  bene- 
ficial species.  For  example,  the  milky  disease  which  is  used  against  the 
♦Japanese  beetle  attacks  beetles  of  only  one  family  which  includes  no 
species  known  to  be  beneficial. 

The  great  merit  of  biological  control  is  that  a one-time  application 
may  permanently  solve  n pest  problem  if  sufficient  care  is  taken  in  ad- 
vance to  be  certain  of  the  characteristics  of  the  forms  to  be  introduced. 
Another  possibility  which  lias  not  received  nearly  the  attention  it 
merits  is  the  encouragement  of  native  species  which  have  the  potential 
for  aiding  in  pest  control  if  ways  can  be  found  to  encourage  increases 
in  their  numbers. 

The  widespread  use  of  broad  spectrum  chemical  pesticides  has 
sometimes  had  adverse  effects  on  biological  control.  Scale  insects  which 
had  been  adequately  controlled  biologically  have  broken  out  as  a re- 
sult of  predacious  insects  being  killed. 

The  sterile  male  technique 

The  spectacular  success  of  the  program  to  eradicate  the  screw-worm 
fly  in  the  Southeastern  United  States  by  releasing  male  flies  that  had 
been  sterilized  by  radiation  has  focused  a great  deal  of  attention  on 
this  approach. 
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In  the  program  against  the  screw  worm  fly  the  males  were  sterilized 
in  the  pupal  stage  in  the  laboratory  by  exposing  them  to  gamma  radia- 
tion. Now  proposals  are  being  made  for  sterilizing  insects  in  the 
field  with  chemosterilants.  Some  of  the  chemicals  proposed  for  use 
are  powerful  mutagens  and  carcinogens  that  may  pose  a threat  to  man 
and  beneficial  organism.  Even  if  chemosterilization  were  performed 
in  the  laboratory,  there  seems  to  be  no  information  about  possible 
effects  on  predators  eating  thesterilized  insects. 

Miscellaneous  controls 

Many  additional  methods  of  pest  control  have  been  proposed  but 
not  yet  developed  to  the  point  where  they  can  be  evaluated  either  >vith 
respect  to  benefits  or  hazards.  Ultrasound  has  been  proposed  for  use 
against  insects  and  birds,  but  possible  side  effects  are  unknown. 

In  the  more  advanced  orders  of  insects  development  of  the  adult 
reproductive  stage  requires  the  disappearance  of  a “juvenile  hormone/’ 
Thus  there  is  a potential  for  inhibiting  insect  reproduction  by  supply- 
ing this  hormone  artificially.  The  most  obvious  side  effect  is  damage  to 
beneficial  insects  sucli  ns  bees,  but  there  may  be  other  effects. 

Probably  most  plants  and  many  animals  have  developed,  in  the 
course  of  evolution,  specific  chemicals  that  serve  as  pesticides  or  re- 
pellants.  Some  such  as  nicotine,  pyrethrum,  and  rotenone  are  in  use 
as  pesticides  and  others  such  ns  the  oil  of  poison  ivy  and  the  cantharidin 
of  blister  beetles  are  recognized  as  hazardous  compounds.  It  seems  at 
present  impossible  to  predict  what  new  and  useful,  or  potentially 
dest  motive,  discoveries  inay  be  forthcoming  in  this  field. 

Finally,  there  are  possibilities  for  controlling  pests  by  such  devices 
as  “trap  crops”  which  are  so  attractive  that  the  pests  congregate  where 
they  can  easily  be  controlled.  For  example,  certain  pests  of  cotton 
are  preferentially  attracted  to  alfalfa.  An  analogous  case  involving 
animalsistheold  practiceof  releasing  guinea  pigs  in  buildings  infested 
with  fleas  for  the  purpose  of  collecting  these  parasitic  insects.  One 
can  imagine  that  under  some  conditions  trap  crops  might  attract  new 
pests  as,  for  example,  by  bringing  in  undesirable  weeds,  but  such 
possibilities  seem  not  to  have  been  investigated. 

Appendix 

INTERNATIONAL  ASPECTS  OF  rtST 
CONTROL  *T  CllbOHIKATtO  IITWNX'AltBPNA 

The  following  breakdown  on  tonnage  basis  indicates  the  relative 
importance  of  insecticides  in  various  crop  groups  in  the  world  and 
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(he  dei>cndenco  on  chlorinated  hydrocarbons  (aldrin,  BHC/lindane, 
chlordnne,  DDT,  dicldrin,  enurin,  hcptachlor  and  toxaphene)  is  evi- 
dent from  second  column  (below).  The  source  of  this  information  is 
Shell  International  Chemical  C0/3  worldwide  usage  survey  for  1966, 


Crop 


Cotton 

Rice 

All  other  cereals 

Vegetables 

Potatoes . 

Sugar  beet 

Sugarcane 

Tobacco 

Oilseeds 

Coffee 

Tea 

Sweet  potatoes.. 


ToUl 

Insecticide 

ussp 

thousand  tons 


Percent 
chlorfoftted 
hydrocarbon 
Insecticides 
in  lot  el 


60.4 

38 

12.0 

67 

7.6 

85 

6.8 

46 

2.8 

61 

2.4 

55 

2.  1 

74 

2.0 

67 

1.9 

77 

.8 

81 

.5 

19 

. 2 
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Fruit  including  citrus,  represent  n relatively  unimportant  use  of 
chlorinated  hydrocarbons  (CHI)  on  tonnage  basis  due  to  large 
volume  of  spray  oils,  however,  chlorinated  hydrocarbons  on  olives 
rate  55  percent  and  on  vines  16  percent  of  total.  DDT  is  used  on  fruit 
in  Japan,  South  Africa,  Mexico,  Italy,  United  Kingdom,  and  Argen- 
tina, and  BHC  is  used  in  Japan,  India,  and  Algeria. 

Each  crop  u diicmtcd  below  in  turn 
Cotton, — Although  only  88  percent  of  total,  the  chlorinated  hydro- 
carbons are  essential  to  this  outlet  in  view  of  unrivaled  cost/perform- 
ance effectiveness  and  also  the  need  to  alternate  with  organo  phosphorus 
products.  Areas  of  major  significance  for  use  of  CHI  are:  Mexico, 
Nicaragua,  Egypt,  Sudan,  Brazil,  Guatemala,  Colombia,  Australia, 
Turkey,  Uganda,  Ivory  Coast  and  El  Salvador  for  control  of  follow- 
ing pests:  boll  weevils,  leafworm,  lace  bugs,  stink  bugs,  cutworms, 
thrips,  jassids,  cotton  stainers,  tortrix  larvae,  lygus,  mites,  army- 
worms,  white  flies,  aphids,  pink  bollworm,  spiny  bollwonu  and 
loopers,  all  of  which  are  ubiquitous.  Cyclodienes  also  play  part  in 
control  of  soil  pets  such  as  wireworms  (Agriotcs),  white  grubs, 
various  coleopterous  larvae,  cutworms  and  hylemya,  either  as  seed 
dressings  or  preplanting  soil  treatments.  Cotton  tosses  due  to  Insects 
compared  with  actual  production  (from  I’flanzenschutz  Nachrichten 
Bayer,  1967)  areas  follows: 
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Actual  Estimated 

production  actual  losses 
derate  pests  due  lo  Insects  Percent  total 
Area  (thousand  tons)  (thousand  tons)  lost  to  Insects 

M>  (H) 


Central  America 848  170  16. 7 

South  America 080  237  19. 5 

Africa 1,004  206  17.0 

Aria 2,086  455  17.9 

Europe  and  Australia 175  30  14. 6 


Total 5,093  1,098  17.7 


Theso  losses  occur  not  withstanding  current  insecticide  use,  which  in 
cotton  is  essential  for  viable  production.  Figures  for  Europe  include 
the  eastern  block.  Letters  A and  B have  same  significance  in  all  tables. 

Rice . — Rice  is  very  dependent  upon  BHC  for  cont.xd  of  various 
borers,  army  worms,  hoppers,  beetles,  but  ill  addition  endrin  (stem 
borers,  hoppers,  rice  bug,  gall  fly,  jassid),  DDT  (cutworms,  army- 
worm**,  flea  beetles,  loopers,  paddy  borer,  paddy  rice  jassid,  leaf 
hoppers),  toxaphenc  (cutworms),  and  aldrin  (termites,  rice  water 
weevil,  gryllotalpn,  tipula  sp,  paddy  root  weevil,  paddy  grasshopper) 
are  of  importance.  Areas  of  major  significance  included  Japan,  India, 
Indonesia,  Cambodia,  Colombia,  Venezuela,  Taiwan,  Brazil,  and 
Spain. 

Rice  hues  due  to  trweeto : 


Artoil  EstlmiUd 

pfOdod)9U  *(0*1)06*4 

<5<*pU*  t**ts  do*  lo  ln*cU  toUl 

Art*  (ttxntfarxf  ton*)  (thous»T>d  torn)  k*tloio*'cU 

(A)  (B) 

Central  America 921  41  4.3 

South  America . 7,470  329  4.2 

Africa 5,610  1,217  17.8 

Aria  (including  Turkey) 154,  377  105,  700  4a  6 

Europe..*..* 1,585  37  2.3 


Total 1 69,  963  1 07,  324  » 7 


AH  other  mrat*. — (Maire,  small  grain*,  sorghum,  etc.)  These  crops 
are  highly  dependent  on  CIII  for  insect  control.  Again  HI  1C  is  most 
important  for  control  of  crickets,  cutworms,  wireworms,  (where  in- 
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festntion  not  severe)  myriads,  lepudopterious  larvae,  and  tipulidae  in 
India,  U.K.,  Mexico,  Hautevolta/Niger,and  Turkey.  However,  for  soil 
l>est  control,  e.g.  wireworms,  white  grubs,  crickets,  cutworms,  coleop- 
terous root  worms,  dipterous  root  worms,  of  which  first  four  are 
ubiquitous,  there  is  really  no  substitute  performance-wise  for  cyclo- 
dienes aldrin,  heptachlor  and  dieldrin.  Thus,  these  products  are  essen- 
tial for  these  crops  in  France,  Colombia,  Chile,  Mexico,  Turkey,  Spain, 
India,  Argentina,  East  Africa,  Japan,  and  Greece.  Aldrin  or  dieldrin 
seed  dressings  give  protection  at  extremely  low  cost  and  without  risk 
of  phytotoxicity  to  large  areas  of  cereal  crop  and  are  valuable  produc- 
tion tools  especially  in  Argentina,  Turkey,  East  Africa,  Greece,  India 
with  particular  reference  to  wheat. 

Lone*  due  to  insect*  for  t cheat t oals,  barley , rye : 

Actual  Estimated 

prod  act  ton  actual  tooe* 

despite  t**U  due  to  Insect*  Percent  toU) 
Area  (tboasand  ton*)  (thousand  ton*)  lost  to  Insect* 

(A)  <B) 


Orftra1  America % 403  154  6.0 

South  America 15,977  867  5,1 

Europe 129,049  4,940  3.7 

Africa 9,645  1,437  13.0 

A*ta 42,753  2,978  6.5 

Oceania 1,374  837  37.8 


Total 201,201  11,213 


Lome  due  to  inetcU  for  millet  and  eorghum: 


Actual 
production 
despite  pest* 
(thousand  ton*) 

Estimated 
actual  toast* 

PrfOMit  total 
tost  to  Insect* 

Area 

dot  ta  Insects 
(thousand  lens) 

<A) 

(B) 

Central  America 

South  America 

1,180 

120 

9 2 

Europe 

23 

&4 

Africa 

3,3)6 

i .V  4 

Asia 

19,920 

3,  162 
22 

13.7 
9.  1 

Oceania 

ToUl 

6, 643 
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Losses  due  to  insects  for  maize: 


Area 


Actual  Estimated 

production  actual  tosses 
despite  pests  due  to  Insects  Percent  total 
(thousand  tons)  (thousand  tons)  lost  to  Insects 


(A)  (B) 


Central  America 8,  450  

South  America 19,057  6,353  25.0 

Europe 28, 324  l,  64  7 5. 5 

Africa 14,920  9,503  38  9 

A5ia 16,510  2,620  13.7 

Oceania. 200  12  6.0 


Total 87,461  20,135 


Vegetables  (excluding  potatoes). — MIC  is  important  in  India, 
Japan, Mexico,  Spain, but  again  where  soil  pests;  e.g.  agriotes,  agrotis, 
liylemyin  sp.  gryllotolpa,  and  mclolontlm,  need  to  be  controlled  cyclo- 
dienes are  not  replaceable  on  grounds  of  performance  and  lack  of 
taint.  Tims  in  crops,  e.g.  onions,  tomatoes,  cliilies,  and  cabbage,  where 
residue  levels  are  acceptable,  cyclodienes  a re  im|>ortant  ill  Japan,  Italy, 
Spain,  Trance,  and  Portugal.  DI)T  for  control  of  cutworms,  boll- 
worms,  white  flies,  jassids,  fruit  borers,  webworms,  cabbage  moth,  flea 
beetles,  weevils,  and  army  worms  is  important  in  Mexico,  Spain,  Japan, 


India,  Chile,  C.K.,  Thailand  and  South  Africa. 
Vegetable  losses  due  to  insects! 

A ret 

Actual 
fraJocOon 
4c*p4Utx*U 
(thoosuad  too*) 

<A) 

EfUmita) 
ftctUAl  k sen 
doc  lokuccO 
(IhOQftftOd  low) 

(B) 

Percent  toUl 
k*t  to  tn*cO 

Central  America 

5,000 

639 

1!.  3 

Europe 

26,645 

866 

8 ! 

Africa 

7,413 

18  3 

A*1a 

61,258 

9,209 

18  ! 

South  America 

2,  634 

89 

Oceania 

836 

104 

M.  1 

Total 


182,059  20,865 


Potatoes  including  sweet  potatoes,— Potatoes  are  heavily  depend- 
ent on  cyclodienes  for  control  of  wirewonus  and  other  soil  pests  and 
(here  are  no  suitable  replacements.  IlllC  is  little  used  due  to  taint. 
Areas  of  iui]tortanc*  for  soil  |*<f  control  include  France,  Spain,  Itra- 
isil,  Colombia,  Peru,  United  Kingdom,  Japan,  Greece  and  Taiwan. 
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Foliage  use  of  DDT  is  prevalent  in  Brazil,  Colombia,  Mexico,  and 
Australia  against  thrips,  tuber  moth,  nrmyworm,  blister  beetle,  flea 
beet  le  and  Colorado  beetle. 

Lots  due  to  insects: 


Art* 


Actutl  Estimated 

production  actual  loeses 
deJplte p«U  doe  to lined#  FeroenttoUl 
(tboosantf  tom)  (thousand  tons)  lost  to  Insects 


(A)  (B) 


Central  America 537  108  16. 7 

South  America 7,042  1,022  19.5 

Europe 141,643  9,904  6.5 

Africa 1,760  782  30.8 

Asia 11,600  2,035  14.9 

Oceania 720  74  9.3 


Total 164,102  14,825 


Sugar  beet. — In  view  of  nature  of  the  crop  cyclodienes  (aldrin  and 
heptachlor)  again  are  very  important  for  control  of  soil  and  ground 
surface  pests  such  asagriotes,  agrotis,  gryllotolpa,  melolontha,  blani- 
ulusguttulatus  (millipedes),  lixus,  cleonus  and  pegomyia,particularly 
in  Belgium,  Italy,  France,  Spain,  Greece,  Chile  and  Turkey.  Use  of 
CHI  seed  dressings  are  essential  when  considering  germinatin'*  re- 
quirements of  modern  inonogerm  seeds,  e.g.  in  U.K.;  seed  dressing  in 
other  areas,  e.g.  Turkey,  arc  also  important  aspect  whet..  estimated 
75  percent  are  treated  this  way.  MIC  use  is  important  for  cleonus, 
army  worm  and  beetles  in  Italy  and  Turkey  and  DDT  is  important  in 
Turkey  and  Spain  for  similar  pests. 


Sugar  but  lo»tu  due  (a  truce  t«: 


Am 

Actual 

production 

*4prt*t**ii 
(it  'mndtont) 

fcftl  mated 
actaalk*** 
dot  li  trued* 
(tbOQMOd  lorn) 

Percent  t«UI 
k«t  U kuecti 

(A) 

(»> 

Central  America 

South  America 

Europe 

Africa 

229 

IS.  1 
5.  7 

Aria 

3,449 

31.  7 

Oceania 

Tout 


108, 554  9.  735 
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Sugarcane . — BHC/lindane  are  dominant  here  and  important  in  con- 
trol of  leaf  hoppers,  white  flies,  termites,  soldier  fly  (Australia),1 
borers  and  cane  beetles,  in  Mexico,  Australia,  India  and  Brazil.  Endrin 
is  important  in  certain  areas;  e.g.  Ivory  Coast,  Taiwan  and  India,  for 
borer  control.  Also,  dieldrin  is  particularly  relevant  in  South  Africa 
where  heteronychus  licus  is  not  controlled  with  any  other  product. 
Aldrin  and  heptachlor  are  important  for  soil  pest  control  in  India, 
Brazil,  Mexico,  Pakistan  and  Taiwan. 

Sugarcane  lessee  due  to  insects; 


Aft* 

Act  o*l 
production 
despite  pests 
(thousand  tom) 

(A) 

Estimated 
act  o*l  losses 
dot  to  Insect* 
(thousand  tons) 

(B) 

Percent  total 
lost  to  Insects 

Central  America 

101,942 

16,  446 

13.  2 

South  America 

117,070 

3),  358 

21.  1 

Europe 

410 

27 

&2 

Africa 

16,450 

33s  3 

Asia 

134,  372 

47.  7 

Oceania 

17,670 

2,  677 

1X2 

Total 

199,330 

Tobacco.— Foliage  pests  such  as  leaf  worms,  bollworms,  thrips,  horn- 
worms,  flea  beetles,  leaf  miners,  stink  bugs,  cutworms  necessitate  use 
of  DDT  in  Mexico,  Australia,  South  and  East  Africa.  Likewise  small 
quantity  of  BHC  is  used  mainly  in  Mexico.  Soil  pests  as  previously 
listed  are  important  in  Japan,  Italy,  South  Africa,  Mexico,  Colombia, 
Greece,  and  Spain,  where  cyclodienes  are  used  instead  of  above  two 
products,  especially  where  wireworms  are  present. 

Tobacco  lessee  due  to  insects : 


Alt* 

Actual 

production 

tospac  m*u 
(tbooamtons) 

(A) 

Estteifed 
setosJ  VomH 
dot  M Insects 
(thousand  tons) 

<B> 

Ptrotnl  lot*l 
tot  to  Insects 

Central  America 

247 

41 

14.2 

South  America 

244 

77 

24.0 

Europe 

46 

6.  1 

Africa 

M0 

67 

1&0 

Aria 

1, 460 

21S 

1X0 

Oceania 

4 

1A2 

Tool 

?,  9M 

443 

1 1>*«  to  mltUftC*  mi  ***  to  controlled  *%\j  fc* 
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Oil  Seeds. — These  crops  including  sesame,  soybeans,  groundnuts, 
sunflower,  etc.  are  again  heavily  dependent  on  CHI.  BHC  is  important 
in  India  and  Japan  while  DDT  is  used  in  Argentina,  Brazil,  India, 
Japan,  Colombia,  and  Nicaragua.  Toxaphene  also  is  important  in 
Colombia,  France,  Brazil,  and  Venezuela  against  lepidopterous  larvae, 
earworms,  army  worms,  and  loopers. 

Lottes  due  to  tntecit  : 


Actual 

Estimated 

production 
despite  pesU 
(thousand  tom) 

actual  losses 
doe  to  Insects 

Percent  tola) 

Art* 

(thousand  tons) 

lost  to  Insects 

(A) 

(B> 

Central  America 

2,  854 

255 

a 2 

South  America 

5,614 

381 

6.  4 

Europe 

5, 095 

1,378 

21.3 

Africa 

8, 785 

2, 269 

20.5 

Asia 

19,765 

4,  971 

20.  1 

Oceania 

366 

91 

19.  9 

Total 

42,479 

9, 345 

In  addition  to  crop  aspects  there  are  certain  other  specific  pest 
problems  to  be  taken  into  account : 

Locvstt. — Total  world  annual  value  loss  is  estimated  at  $1  billion 
(Bayer  1967).  In  Asia  and  Africa  more  than  60  countries  are  liable  to 
invasion  by  locust  swarms.  Medium-sized  swarm  may  contain  3 billion 
locusts  and  consume  3,000  tons  of  food/day  (“Pests  and  People,” 
Shell).  Several  figures  for  value  of  crops  destroyed  in  India,  Kenya, 
Morocco,  Libya,  Sudan,  Senegal,  Ethiopia,  India  between  1923  to  1962 
are  available  if  required  (Anti-Locust  Research  Centre  London,  Hand- 
book). Recession  of  swarms  was  experienced  from  1962  to  1968  but 
then  a further  outbreak  started  in  1969.  However,  this  was  checked 
and  1969  now  is  unlikely  to  become  a plague  year  due  to  spray  cam- 
paigns using  BHC  and  dieldrin.  The  latter  is  still  very  important 
for  control  of  hopper  bands.  Other  insecticides  including  organo- 
phosphorus  materials  either  are  not  so  effective  or  more  expensive. 

Termites. — Total  world  annual  value  (excluding  damage  to  wood- 
work, buildings,  etc.)  is  $166  million  (Bayer  1967).  Annual  expendi- 
ture in  Australia  for  repairing  damage  done  by  termites  is  3 million 
A.  pounds  (Pam  February  1966,  vol.  2).  Termites  in  agriculture  are 
covered  where  important  in  earlier  sections.  Nonagricultural  use  of 
aldrin/dieldrin  is  particularly  relevant  in  building  construction  where 
many  architects  now  specify  dieldrin  alone. 
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Yellow  fever  and  malaria,—  The  main  insecticide  nsed  against  Aede s 
aegypti  is  DDT.  One  fifth  of  world’s  malaria  has  been  eliminated 
by  use  of  pesticides  (Pans  A,  Vol.  9,  No.  4,  1968).  In  India  the  number 
of  malaria  cases  dropped  from  100  million  in  1933-35  to  150,000  in 
1966,  and  loss  to  economy  in  same  period  reduced  from  1.3  billion 
dollars  to  2 million  (World  Health,  April  1968).  Dieldrin  has  played 
a part  in  this  spectacular  progress  but  DDT  is  still  important  in  at 
least  24  countries  for  mosquito  control  and  an  estimated  16,000  tons 
are  used  annually.  This  is  of  particular  importance  in  India,  Mexico, 
Brazil,  Venezuela,  Columbia,  Vietnam,  Honduras,  and  Japan. 

Chagas  disease * — Residual  house  spraying  with  gamma  BHC  and 
dieldrin  is  successful  in  Central  and  South  America.  At  moment,  CHI 
are  particularly  important  in  Venezuela  and  Brazil. 

Sleeping  sickness* — This  disease  is  transmitted  by  the  Tsetse,  Ac- 
cording to  “World  Rev.  Pest  Control”  (vol.  5,  No.  1,  1966)  between 
1930  and  1946  half  a million  cases  were  reported  and  treated  in 
Nigeria  alone. 

Four  and  one  half  million  square  miles  of  Africa  is  denied  to  cattle 
and  horses  with  consequent  inpoverishment  of  farming  practice.  DDT 
is  used  in  Nigeria  and  Zambia  but  more  effective  control  is  obtained 
with  dieldrin,  which  is  widely  used  in  Nigeria,  Tanzania,  Kenya, 
Uganda,  and  Zambia.  Some  endosolfan  also  used  in  this  outlet.  Use 
of  organophosphorus  insecticides  is  unsatisfactory. 

River  blindness  (Onchocerciasis). — This  is  spread  by  simulium  fly. 
It  is  of  patticular  importance  in  West  Africa  where  DDT  is  used 
in  Nigeria,  Ivory  Coast,  and  Upper  Volta. 

Wood  preservation*— In  addition  to  public  health,  CHI  are  valu- 
able in  certain  industrial  uses,  e,g.  protection  of  wood  products  against 
borer8etc.,in  wood*producing countries. 

Tuatra  (Grasshopper).- -This  is  a particular  problem  in  Argentina, 
affecting  15  million  hectares  of  which  T million  are  natural  grass  and 
support  average  of  3 sheep  or  0.8  cows/Ha.  Right  grasshoppers  per 
square  metre  eat  equivalent  to  one  animal/Ha.  Thus,  infested  land 
in  dry  yeara  is  unable  to  support  stock  by  mid  summer  and  these  have 
to  be  moved  at  great  expense  to  tucara-free  area  or  sold  cheaply  for 
slaughter.  Urior  to  the  use  of  dieldrin,  annual  losses  of  cattle  products 
estimated  at  90  million  dollars  despite  extensive  use  of  HI  1C.  Dieldrin 
and  heptachlor  were  banned  February  1968  due  to  residue  problem  on 
USA  imports,  and  subsequently  four  other  products  were  approved: 
Sevin  (expensive,  difficult  to  apply),  malalhion  (moreex(>enrive  than 
dieldrin  and  aver age  in  |*rfomiance)  Diazinon  (requires  removal  of 
animals  from  treated  area),  and  Dibrom  (requires special  equipment). 
Smnithion  trials  were  successful,  but  in  practice  control  was  poor, 
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likewise  control  by  maluthion.  Carbary  I,  Dinzinon,  Azodrin,  Gnrdona 
and  Dimethoate  gave  poor  or  (complete  lack  of  control.  At  present 
tlieiv  1ms  been  complete  withdrawal  of  all  approvals  with  resultant 
confusion.  Next  season  Tucuiti  infestation  is  expected  to  be  severe  due 
to  lack  of  conti-ol  this  season,  and  if  conditions  arc  dry  national  dis- 
aster may  result.  AIku  e case  study  clearly  underlines  the  drastic  effect 
that  removal  of  the  one  essential  agricultural  weapon  may  have  on  an 
agricultural  economy. 
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CONTAMINATION 
Summary  and  Conclusions 

The  subgroup  on  contamination  has  examined  the  present  status  of 
knowledge  on  the  dissemination  of  pesticides  into  the  environment,  the 
mechanisms  and  rates  at  which  they  accumulate  in  various  elements 
of  the  environment,  and  methods  by  which  pesticides  might  be  con- 
trolled so  that  their  presence  in  the  environment  would  pose  a minimal 
hazard  to  society  consistent  with  the  benefits  to  be  obtained  from 
their  use. 

The  subgroup  has  examined : a)  The  air  route  by  which  pesticides 
are  applied  and  distributed  in  the  biosphere;  b)  the  water  route; 
c)  the  food  route;  d)  soil  contamination;  e)  household  uses  of  pes- 
ticides; f)  occupational  exposures  resulting  from  the  manufacture 
and  application  of  pesticides,  and  accidents  that  may  occur  in  their 
use;  g)  alternatives  to  the  use  of  persistent  pesticides ; h)  the  monitor- 
ing of  pesticides  in  the  environment;  i)  systems  analysis  of  pesticides 
in  the  environment. 

Much  contamination  and  damage  results  from  the  indiscriminate, 
uncontrolled,  unmonitored  and  excessive  use  of  pesticides,  often  in 
situations  where  properly  supervised  application  of  pesticides  would 
confine  them  to  target  areas  and  organisms  and  at  the  concentrations 
necessary  for  their  beneficial  use  without  damage  to  the  environment. 
Research  investigations,  demonstrations,  and  monitored  operations 
reveal  that  the  careful  application  of  many  of  the  pesticides  and  the 
use  of  techniques  presently  available  and  being  developed  can  be 
expected  to  reduce  contamination  of  the  environment  to  a small  frac- 
tion of  the  current  level  without  reducing  effective  control  of  the  target 
organisms. 

The  present  piecemeal  involvement  of  various  Federal  agencies  in 
pesticide  control  requires  more  than  the  existing  type  of  coordination. 
As  human  health  and  welfare  are  the  values  of  prime  concern,  the 
DHEW  should  provide  a lead  in  the  establishment  of  a mechanism 
for  administering  pesticide  control  programs. 

Ad  hoc  studies  of  pesticides  in  the  environment  are  not  adequate  to 
assess  the  inputs  of  pesticides  to  the  biosphere,  their  degradation, 
translocation,  movement  and  rates  of  accumulation.  Monitoring  is  con- 
ducted by  a large  number  of  agencies,  but  in  each  instance  the  monitor- 


ing  is  related  to  a specific  mission  of  the  agency.  Therefore,  a single 
agency  should  take  the  initiative  to  insure  the  effective  monitoring 
of  the  total  environment,  and  the  filling  of  gaps  in  data  such  as  for 
oceans  and  ground  water,  ns  they  arc  identified.  A continuous  systems 
analysis  of  pesticides  in  the  environment  needs  to  be  conducted. 

Aerial  spraying  should  be  confined  to  specific  conditions  of  lapse 
and  wind  that  will  preclude  drift*  Regulations  to  limit  aerial  applica- 
tion to  specific  weather  conditions  would  be  helpful  in  providing 
guidance  for  regulatory  programs.  Increased  engineering  development 
effort  is  needed  for  the  design  of  equipment  for,  and  the  adaptation 
of  helicopters  to  the  aerial  spraying  of  pesticides. 

The  use  of  low  volume  concentrated  sprays  should  be  encouraged. 
Since  this  technique,  if  it  is  not  properly  controlled,  can  be  more  haz- 
ardous to  workers,  effective  regulations  must  precede  its  increased  use. 

Increased  information  is  needed  on  the  degree  of  exposure  of  the 
general  population  to  pesticides  used  for  household,  lawn,  and  garden- 
ing purposes.  More  effective  means  for  regulation  and  control  of  pesti- 
cide use  by  the  general  public  should  be  instituted,  possibly  by  licensing 
of  distribution  outlets. 

The  use  of  indane  and  similarly  toxic  materials  which  act  by  evapo- 
ration must  be  discontinued  where  humans  or  foods  are  subject  to 
exposure,  such  as  in  homes,  restaurants,  and  schools. 

There  is  a vastly  increased  need  for  the  education  of  the  general 
public  in  the  management  of  pesticides  and  in  the  training  of  profes- 
sional applicators.  Public  communications  media,  schools  and  univer- 
sities all  have  important  roles  to  play. 

Labeling  regulations  must  also  be  improved.  Print  should  be  en- 
larged and  language  should  be  made  intelligible  for  the  lay  public, 
A need  exists  for  nonlangiuige,  internationally  intelligible  insignia  or 
markings  that  will  advise  the  user  of  the  degree  of  toxicity  and  per- 
sistance  of  the  product,  its  method  of  application,  and  the  target 
organisms. 

More  vigorous  effort  is  needed  to  replace  the  persistent,  toxic,  and 
broad -spectrum  pesticides  with  chemicals  that  are  less  persistent  and 
more  specific.  Certain  of  the  less-persistent  pesticides,  however,  may 
be  more  toxic  to  humans  and  therefore  effective  regulation  of  their 
application  is  required  to  insure  against  injury  to  personnel. 

Integrated  control  techniques  for  the  control  of  select  pests  promises 
to  effect  a reduced  usage  of  pesticides.  Such  alternative  techniques 
should  be  more  widely  applied. 

Licensing  of  commercial  pesticide  applicators,  as  well  as  other  large- 
scale  applicators  of  hazardous  materials  should  be  required. 

Analytical  methods,  although  extremely  good,  require  further  de- 
velopment. Need  exists  for  standardizing  or  referencing  additional 


techniques,  even  oil  an  international  basis.  There  is  need  for  both 
less  sophisticated  techniques  for  field  use  as  well  as  for  automated 
techniques  for  wide-scale  monitoring;. 

Standards  for  selected  pesticides  should  be  included  in  the  Public 
Health  Service  uI)rinking  Water  Standards”.  Although  guidelines 
and  criteria  for  some  pesticides  have  been  delineated,  they  have  never 
been  officially  established. 

Prior  to  application  of  pesticides  to  waters  for  the  control  of  weeds, 
snails,  mosquitoes,  and  in  other  aquatic  uses,  a careful  analysis  should 
be  made  of  the  proposed  pesticide  characteristics  with  respect  to  the 
uses  of  the  target  area.  Special  concern  is  indicated  where  domestic 
water  supply  is  involved,  or  where  focd-chain  concentration  may 
occur. 

Steps  should  bo  taken  to  prevent  the  simultaneous  shipment  of 
pesticides  and  foodstuffs  within  the  same  vehicle.  Comprehensive 
regulations  for  pesticide  transportation  are  required. 

Safe  methods  of  disposal  of  pesticides,  their  wastes,  and  containers 
are  needed  to  prevent  the  contaimination  of  the  environment  and  to 
protect  individuals  from  contamination  and  accidents. 

Intensified  research  and  development  is  needed  in  the  following 
areas,  among  others: 

а.  Prediction  of  the  micrometeorologieal  conditions  suitable 
for  aerial  spraying. 

б.  Application  of  systems  analysis  to  the  pesticide-enviroment 
problem. 

c.  Pesticide  ch e mo dyn amice-,  with  emphasis  on  reservoirs  of 
storage. 

d.  More  intensive  development  of  less-persistent  pesticides 
with  narrow  spectra  of  toxicity. 

e.  Continuing  development  of  spray  devices  with  narrow 
spectra  of  droplet  sizes. 

/.  Continuing  development  of  alternatives  to  chemical  control 
of  pests. 

g . Creation  of  more  suitable  materials  for  pesticide  packaging 
and  containers  to  facilitate  safe  transfer,  handling  use,  and 
disposal. 

A,  Treatment  processes  for  the  elimination  of  pesticides  from 
domestic  water  supplies  as  well  as  from  wastewaters. 

i.  Immediate  studies  of  the  effects  of  pesticide  residues  on 
algal  photosynthetic  activity. 

Pesticides  and  Persistence 

Any  examination  of  environmental  contamination  by  pesticides  must 
include  a consideration  of  persistence.  Persistence  in  pesticides  may 


be  henetiicinl  or  harm fill.  Lasting  residuals  provide  control  of  target 
organisms  over  longer  periods  of  time  and  reduce  needs  for  reapplied- 
tion.  However,  lasting  residuals  may  also  affect  nontarget  flora  and 
fauna  for  long  periods  of  time. 

Major  classes  of  pesticides  may  be  grouped  as  nonpersistent,  mod- 
erately persistent,  persistent,  or  j>ermanent.  Persistence  times  are 
those  periods  required  for  a 5-  to  100-percent  loss  of  the  pesticides’ 
activity  under  normal  environmental  conditions  and  rates  of  applica- 
tion (1).  Accordingly,  nonpersistent  pesticides  may  be  characterized 
as  having  persistence  times  of  1 to  12  weeks;  moderately  persistent 
pesticides,  1 to  18  months;  and  persistent  pesticides, 2 to  5 years.  Perm- 
anent pesticides  are  virtually  permanent  as  they  are  not  degraded.  The 
overlaps  and  gaps  simply  illustrate  the  generality  of  the  above  defi- 
nition of  persistence  time.  Varying  the  environmental  situation  varies 
the  persistence. 

Important  nonpersistent  pesticides  ore  organophosphorous  com- 
pounds. They  include  malathion,  methyl  parothion,  and  parathion, 
which  are  widely  used  for  the  control  of  cotton  and  other  pests.  Mala- 
thion has  also  been  developed  for  use  as  an  undiluted  ultra-low-volume 
spray.  Another  class  of  nonpersistent  pesticides  is  the  carbamates, 
which  contain  neither  chlorine  nor  phosphorus,  but  are  classified  with 
most  of  the  orga  no  phosphates  in  their  low  persistence.  Carbary!  is  the 
most  used  carbamate  and  was  the  third  most  used  insecticide  in  the 
United  States  in  1964.  Cotton,  apples,  and  soybeans  accounted  for  62 
percent  of  its  total  agricultural  use.  Its  persistence  is  approximately 
that  of  malathion  and  parathion. 

Most  pesticides  fall  into  the  moderately  persistent  grouping.  Nearly 
half  of  the  total  quantity  of  pesticide  used  in  1964  was  used  on  corn, 
wheat,  and  cotton.  2,4^D  and  Atrazine,  together,  made  up  54  percent 
of  the  total  agricultural  usage  of  herbicides  in  1964.  In  1967,  herbicide 
sales  in  the  United  States  exceeded  insecticide  sales  for  the  first  time. 

The  persistent  group  of  pesticides  include  most  of  the  chlorinated 
hydrocarbons.  Of  this  group,  DDT  is  still  the  insecticide  most  widely 
used  worldwide  .although  the  overall  demand  for  DDT.  both  in  the 
United  States  and  abroad,  has  declined.  Most  DDT  exported  is  used  in 
malaria-control  operations.  Within  the  United  States,  use  will 
undoubtedly  decline  further,  especially  in  view  of  mounting 
restrictions.  The  cyclodienb  organochlorines  include  aldrin,  dieldrin, 
endrin  clilordane,  heptachlor  and  toxaphene.  Aldrin  is  currently  used 
as  a soil  insecticide  to  control  the  corn  root-worm.  Dieldrin  is  used  for 
the  control  of  pests  when  a long-lasting  residual  effect  is  required. 
Toxaphene  accounted  for  about  25  percent  of  all  crop  insecticides  used 
in  1964,69  percent  having  been  applied  to  cot  ton. 


The  permanent  group  of  pesticides  are  based  on  such  toxic,  elements 
as  mercury,  arsenic,  and  lead.  Once  applied,  these  materials  remain 
unless  physically  removed  as  by  leaching  with  water.  Since  their  water 
solubility  is  low,  they  tend  to  remain  where  applied. 
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The  Air  Route 

The  introduction  of  pesticides  into  the  environment  for  the  control  of 
insects  or  unwanted  plant  growths  is  most  generally  accomplished  by 
aerial  or  surface  applications,  In  all  such  cases,  air  is  the  medium 
through  which  pesticides  move  to  their  intended  targets.  The  character- 
istics of  the  air  medium  affects  the  efficiency  of  the  application  on  the 
target  and  the  dispersion,  of  the  pesticide  outside  the  target  area.  A 
clear  understanding  of  the  ways  in  which  air  characteristics  influence 
pesticide  applications  and  of  the  presence  and  persistence  of  pesticides 
in  air  is  necessary  both  for  the  efficacious  application  of  pesticides  and 
for  the  proper  control  of  the  possible  harmful  effects  which  these  toxic 
chemicals  may  exert  on  nontarget  organisms  and  the  human 
populations. 

In  1963  the  State  of  California  used  about  20  percent  of  the  total 
U.S.  pesticide  production  (1).  Approximately  80  percent  of  pesticides 
applied  by  commercial  applicators  were  applied  by  aerial  treatment 
and  20  percent  by  surface  application.  Problems  associated  with  the 
application  of  pesticides  by  aircraft  are  therefore  of  primary  im- 
portance. These  considerations  include  the  effect  of  the  aircraft  and  its 
operation  on  the  dispersal  of  the  pesticide  and  the  influence  of  meteor- 
ological conditions  on  aerial  pesticide  treatments.  In  addition,  param- 
eters such  as  wind  drift,  pesticide  formulation  and  particle  size,  which 
are  common  to  all  pesticide  applications,  must  be  evaluated. 

The  application  of  pesticides  by  aircraft  has  increased  over  the  last 
30  years.  Fixed-wing  airplanes  have  been  the  dominant  means  of  ap- 
plication but  the  use  of  helicopters  has  increased  and  is  expected  to 
increase  further.  Aircraft  have  been  used  to  apply  dusts,  aerosols, 
granular  materials  and  sprays. 

Regardless  of  the  pesticide  formulation,  the  pattern  of  release  from 
fixed-winged  aircraft  is  from  the  craft  into  the  air  wake  created  by  the 
wings.  The  wake  carries  the  material  outward  to  the  wirgtips,  then 
drops  it  in  a swath  of  about  wingspan  width.  Two  distinct  vortices 
develop  at  the  wingtips.  The  strong  central  propeller  wash  skews  the 


wake  to  one  side  of  the  aircraft.  The  velocity  of  the  particles  is  greater 
in  the  propeller  wash  than  in  the  vortices.  The  wake  which  an  aircraft 
produces  is  a function  of  the  weight  of  the  airplane  and  its  load  and  the 
configuration  of  the  wing  and  external  applicating  equipment.  There- 
fore, flie  lighter  and  more  aerodynamically  clean  the  aircraft,  the  less 
turbulent  is  the  wake  and  the  more  efficient  and  controllable  the 
application. 

'Fhe  configuration  of  the  particle  movement  behind  a helicopter  is 
similar  to  that  of  winged  aircraft.  Outer  vortices  develop  but  they  are 
different  in  intensity  due  to  the  change  in  pitch  of  the  rotor  blades. 
The  velocity  of  the  particles  is  greater  at  the  center  of  the  rotor  than 
in  the  wash  created  by  the  outer  blades.  Contrary  to  earlier  opinion, 
tho  dowmvash  of  the  helicopter  rotor  does  not,  at  normal  operating 
speeds,  aid  in  the  application  of  pesticides.  In  fact,  above  speeds  of 
15-25  mph  forward  speed,  the  helicopter  does  not  exert  any  greater 
downwash  than  a winged  aircraft.  Only  when  the  helicopter  ap- 
proaches hovering  velocities  does  any  significantly  greater  downwash 
occur.  The  spray  pattern  from  helicopters  is,  however,  better  than  that 
of  an  airplane  due  to  the  lack  of  a propeller  wake. 

The  helicopter  has  other  advantages  over  fixed-wing  aircraft.  It  is 
highly  maneuverable  and  is  capable  of  flight  at  low  levels  and  in  moun- 
tainous terrain.  The  helicopter  also  has  the  ability  to  takeoff  and 
land  in  small  openings  and  it  is  not  as  dependent  on  airport  facilities 
as  fixed-wing  craft.  This  reduces  the  turnaround  time  for  reloading 
and  may  overcome  the  helicopter’s  two  main  disadvantages,  its  high 
cost  and  lower  carryingcapacity.  On  flat  terrain  or  over  forests  where 
aircraft  must  fly  faster  than  45  mph  and  at  heights  of  50  feet  or  more 
above  the  treetops,  slow,  low  flying  fixed-wing  aircraft  are  as  efficient 
in  application  as  helicopters  and  are  less  expensive  to  operate. 

The  spraying  equipment  used  on  fixed-wing  aircraft  and  helicop- 
ters are  similar  in  design.  Dusts  and  granular  materials  are  usually 
spread  by  means  of  a centrally  located  venturi  device  which  mixes  the 
material  with  air  and  discharges  it  into  the  trailing  wake.  Sprays  are 
atomized  by  hydraulic  atomizing  nozzles  and  are  distributed  through 
a wing  length  boom.  No  benefit  has  been  found  by  using  longer-than- 
wing-length  booms  because  the  aircraft  wake  limits  and  controls  the 
distribution  of  the  particles.  Booms  are  used  on  both  fixed-wing  air- 
craft and  helicopters.  Jet  type  nozzles  aimed  with  the  airstream  have 
been  used  but  produce  a relatively  coarse  spray  not  suitable  for  all  types 
of  insecticide  spraying.  In  most  forest  spraying,  standard  boom  and 
nozzle  spray  systems  have  been  used.  They  usually  deliver  1 gal/acre 
at  an  atomization  of  150  to  200  fi  mass  median  diameter  with  the  maxi- 


mum  drop  size  often  exceeding  500  n.  Aircraft  used  for  low-volume  ap- 
plications have  been  equipped  with  smaller  nozzles  or  mini-spins  cali- 
brated to  release  8 to  16  fl.  oz./acre  at  a slighty  finer  atomization, 
usually  125  to  150  mass  median  diameter  with  a maximum  drop  size 
between  300  and  500  pt. 

The  atomization  during  low-volume  spraying  of  mini-spin  rotary 
units  operating  at  three  speeds  and  of  three,  small  orifice,  flat  spray 
nozzles  was  investigated  by  Isler  (2).  An  increase  in  the  rpm  of  the 
mini-spin  unit  from  4000  to  8000  resulted  in  a decrease  in  the  average 
mass  median  diameter  (m.m.d.)  of  malathion  drops  from  184  to  120  p. 
The  best  performing  flat  spray  nozzle  exhibited  a range  of  m.m.d.  of 
112-158  with  an  average  m.m.d.  of  128,  a value  only  slightly  higher 
than  that  of  the  mini-spin  at  8,000  rpm.  The  mini-spin,  however,  pro- 
duced a narrower  distribution  of  drop  sizes  than  did  the  nozzle.  At 
the  low  end  of  the  spectrum,  25  percent  of  the  spray  volume  of  the 
mini-spin  was  in  drops  smaller  than  90  /*,  compared  to  42  percent  with 
the  nozzle.  The  performance  of  the  mini-spin,  therefore,  was  more 
desirable  than  that  of  the  nozzle  because  it  resulted  in  fewer  small 
drops  which  would  be  subject  to  drift  and  fewer  large  drops  which 
would  result  in  overdosing  and  inefficient  spray  application.  This  study 
demonstrates  that  the  selection  of  the  appropriate  spray  equipment  is 
an  important  consideration  in  effectively  applying  agricultural  chemi- 
cals. 

Microclhmtology  effect . — The  dispersal  of  particles  during  an  aerial 
application  is  dependent  on  wind  and  thermal  conditions  at  the  site 
of  application.  At  the  time  of  application,  calm  wind  conditions  should 
prevail  to  minimize  drift  and  allow  for  greater  control  of  the  pesticide 
application.  Thermal  conditions  are  also  important  since  temperature 
gradients  present  in  the  area  of  application  affect  the  movement  and 
dispersion  of  the  particles. 

Akesson  and  Yates  (3)  state  that  the  following  measurements  should 
be  made  for  proper  control  of  spraying:  1)  The  temperature  gradient 
between  8 and  32  feet;  2)  wind  direction  and  velocity  at  8 feet;  and 
3)  the  relative  humidity  at  8 feet.  The  temperature  gradient  between  8 
and  32  feet  will  yield  information  as  to  the  thermal  condition  present. 
There  are  two  main  types  of  thermal  conditions.  When  the  temperature 
decreases  with  elevation  a lapse  condition  is  said  to  exist.  When  the 
reverse  is  true  and  the  temperature  increases  with  height  from  the 
ground,  the  thermal  condition  termed  inversion  exists.  Under  various 
combinations  of  lapse  conditions,  the  main  particle  movement  is  verti- 
cal whereas  under  conditions  of  inversion  the  main  particle  movement 
is  in  a lateral  direction.  The  measurement  of  the  temperature  gradient 


between  8 and  32  feet  indicates  the  degree  of  lapse  or  inversion  con- 
ditions which  exist.  According  to  Akesson  and  Yates  (3),  a noinial 
lapse  condition  would  exist  when  a difference  of  about  0.1°  F exists 
between  the  8 and  32  foot  elevations,  with  the  lower  elevation  being 
wanner.  (The  commonly  used  dry-adiabatic  lapse  rate  is  5.5°  F/1,000 
ft.)  When  the  lower  point  becomes  cooler,  an  inversion  exists  which 
puts  a warmer  air  mass  over  cooler  air  and  contains  the  spray  particles 
in  the  area.  Freshly  irrigated  or  wet  fields  produce  a low  inversion  as 
Die  wind  carries  the  wet  air  over  the  crop. 

The  best  weather  conditions  for  application  are  under  conditions 
of  a normal  lapse.  With  calm  winds  and  an  inversion  condition  between 
8 feet  and  32  feet  (that  is  the  temperature  at  32  feet  is  4-2°  to  4-5°  F. 
greater  than  at  8 feet),  increased  drift  occurs  because  the  “cap”  of 
warm  air  prevents  vertical  movement  and  promotes  horizontal  or 
lateral  movement.  A lapse  condition  between  8 feet  and  32  feet  of 
—0.1°  to  — 5°  F.  is  usually  indicative  of  turbulent  weather.  Large 
amounts  of  drift  may  then  be  expected  to  occur.  The  measurement  of 
temperature  gradients  should  therefore  be  considered  as  one  of  the 
best  indicators  of  when  and  at  what  height  sprays  should  be  released 
at  a particular  spray  site. 

Pesticide  formulation  and  particle  size. — The  formulation  of  pesti- 
cides, whether  dusts,  sprays,  aerosols  or  granular  material,  and  the  size 
of  the  particles  emitted,  determines  to  a large  extent  : 1)  The  effect 
of  microclimatic  conditions  on  the  spraying  operations;  2)  the  poten- 
tial exposure  hazards,  and  3)  the  persistence  of  the  pesticide  in  the 
atmosphere. 

The  major  climatic  effect  on  spraying  is  that  of  wind.  Dispersion 
of  pesticide  by  drift  as  a result  of  windy  conditions  results  in  a loss 
in  efficiency.  If  such  losses  occur,  additional  applications  must  be  made 
which  increases  the  cost  ns  well  as  the  hazard.  More  frequent  applica- 
tions also  contribute  to  an  increased  insect  resistence  which,  in  turn, 
requires  additional  applications.  Proper  spraying  procedures  must 
therefore  be  developed.  This  is  made  difficult  by  the  fact  that  many 
of  the  pesticides  vary  in  their  reaction  to  climatic  conditions  and  the 
formulation  itsel  f affects  tliei  r response. 

Several  studies  which  are  illustrative  of  the  variability  in  drift 
have  been  conducted.  It  has  been  found,  for  example,  that  the  amount 
of  drift  occurring  with  aerial  spraying  is  greater  than  that  with  sur- 
face spraying.  Middleton  (J)  reported  the  results  of  the  work  of 
Wasserman  et  ah  (4)  who  compared  air  concentrations  in  forests 
after  surface  and  aerial  applications  of  BHO  and  DDT.  The  results 
areas  follows: 
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Surface  Treatment 

Aerial  Treatment 

BHC 

DDT 

...  2.6-12.5  mg/m*  air 

4.6-25.5  mg/m*  air 

L . .. 

. 4.1-53.7  mg/m*  air. 

. 18.9-170.9  mg/m*  air. 

Thus,  it  is  quite  evident  that  the  increased  use  of  aerial  applications  is 
accompanied  by  an  increased  hazard  from  drift  as  well  as  a possible 
loss  in  the  efficiency  of  the  application. 

Akesson  et  ah  (6)  measured  the  drift  downwind  after  a DDT 
application  of  1 lb./acreto  40  aciesunderboth  windy  and  calm  weather 
conditions.  They  found  the  following : 


Concentration  I)teUnc«  (a.)  0.01 
(p.p.m.)  100  foct  p p m.  found 
downwind  downwind 


o 

ERLC 


Calm  condition? 1.  5 8,  000 

Windy  condition? 8.0  20, 000 

The  amount  of  drift,  therefore,  is  highly  dependent  on  wind 
conditions. 

The  amount  of  drift  is  also  related  to  the  size  of  the  treated  area 
and  to  the  rate  of  application  of  the  pesticide,  The  larger  the  area 
treated,  the  greater  the  number  of  swaths  that  must  be  made  by  the  air- 
craft and  the  greater  the  |>otential  for  drift,  but  the  lower  the  loss  i>er 
unit  area  treated.  Also,  the  greater  the  application  rate,  the  grcatei 
the  residue  at  given  distaneo  downwind. 

(Jerhardt  and  Witt  (£)  compared  the  drift  of  spray  and  dust  for- 
mulations of  DDT  and  found  that  under  the  same  climatic  conditions 
and  at  an  application  rate  of  1 Ib./ncrc,  the  spray  resulted  in  a con- 
centration of  0.1  p.p.m.  DDT  2,640  feet  downwind  nnd  the  dust 
i.4  p.p.m.  at  the  same  distance.  This  effect  was  due  to  the  difference 
in  particle  size  lietween  the  two  formulations,  the  dust  particles  being 
smaller  than  the  spmy  droplets. 

Yen  (?)  studied  the  effect  of  liquid  particle  size  on  drift  and  found 
that  particles  of  less  than  5 /*  diameter  exhibited  little  deposition  and 
drifted  in  air  nrnents  for  many  miles.  Particles  of  10-60  ? diameter 
were  deposited  several  miles  from  the  source,  Unless  the  wind  ras 
high,  i^articlcs  of  100  exhibited  little  drift  hazard  and  when  the  par- 
ticles were  greater  than  200  ft  diameter,  80  percent  were  de|>osited 
within  short  distances  downwind.  Akesson  and  Yates  (.?)  studied  the 
effect  of  dust  particle  size  on  drift  and  found  that  when  released  10 
feet  above  the  ground  into  a wind  3 ni.p.h.,  2 ? diameter  particles 
traveled  21  miles,  10  ^ particles  1 mile  and  60  ft  part  ides  2Y>  feet. 

Akesson  and  Yates  (d)  sj>ta\ed  a field  with  toxaphene  dust  and 
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spray  and  measured  the  drift  of  each  as  well  as  that  of  fine  (95  to 
150/4  diameter)  and  medium  size,  (150  to  300/4  diameter)  particles.  They 
found  that  in  all  cases  the  ground  fallout  due  to  drift  away  from  the 
target  area  was  4 to  10  times  as  high  for  dust  than  for  sprays.  Also, 
the  ground  residue  from  applications  of  fine  drops  was  twice  as  much 
as  medium  drops  at  distances  up  to  1,000  feet.  They  also  observed  that 
in  some  cases,  the  amount  of  |>cst  icide  in  the  air  downwind  was  30  to 
40 1 imes  that  on  the  ground. 

These  studies  indicate  that  as  far  as  drift  is  concerned,  the  greatest 
potential  nontarget.  contamination  hazard  occurs  with  smaller  diam- 
eter particles.  Since  dusts  contain  a greater  percentageof  these  smaller 
particles  than  do  conventional  liquid  sprays,  dusts  constitute  a greater 
drift  hazard  than  sprays.  Sprays,  however,  are  not  uniform  in  drop 
size  and,  with  atomizers  currently  used,  there  is  no  way  to  eliminate 
the  production  of  a wide  distribution  in  drop  sizes,  Hoth  large  and 
small  drop  sizes  will  bo  produced.  Moreover,  the  control  of  drop  size 
in  favor  of  the  larger  drops  to  reduce  the  drift  |>otential  results  in  a 
decrease  in  the  efficiency  of  spraying  since  the  efficiency  is  an  inverse 
function  of  drop  size.  More  large  drops  fall  to  the  ground  but  the 
extent  of  coverage  is  less.  Therefore  a compromise  in  drop  size  must  be 
reached  between  tliosc  sizes  which  minimize  drift  and  a size  which 
yields  a high  efficiency  of  application.  Since  a wide  distribution  in 
drop  size  is  inevitable  with  commonly  used  spray  equipment,  and  fine 
drops  will  inevitably  be  created,  de|>endencc  upon  largo  droplet  size 
to  control  drift  is  not  appropriate.  The  measurement  of  micrometeoro* 
logical  conditions,  therefore,  is  of  paramount  ini|>ortance  in  determin* 
ing  the  safety  of  a pro|>osed  application. 

This  jKiint  is  illustrated  hy  a study  conducted  by  fjninby  and  I)oor- 
nink  (8)  in  which  the  absence  of  wind  ami  tbe  presence  of  a thermal 
inversion  caused  problems  even  though  calm  weather  prevailed  at  the 
time  of  the  application,  baring  an  aerial  application  of  TKPP  (tetra- 
ethyl pyrophosphate),  a thermal  inversion  and  static  air  conditions, 
as  well  as  to|xigrnphy  which  impeded  the  movement  of  the  dust  laden 
air  ami  the  presence  of  tall  crops  with  dense  foliage  which  constricted 
air  movement,  all  combined  to  prevciu  the  |K\«ticide  from  di?q»ersing 
with  the  result  that  persons  and  livestock  near  the  dusting  area  were 
affect ed  hy  the  J>esficide.  The  conditions  of  application  were  those  that 
had  been  used  successfully  for  10  years  prior  to  the  date  of  the  acci- 
dental |K>isoning.  Therefore,  for  each  individual  application,  appro- 
priate measurements  of  mirroclimalofogy  must  Ik*  made  ami  evaluated 
in  order  to  insure  that  a safe  and  effective  treatment  is  carried  out, 
Itecause  as  this  work  shows,  while  it  is  normally  considered  desirable 
to  have  little  or  no  wind  when  spraying  j^sticides,  such  weather  con* 
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dit ions  may  create  a problem  as  serious  as  that  caused  by  windy 
conditions. 

Given  good  micrometcorologieiil  conditions,  the  size  of  pesticide 
particles  or  drops  determines  the  efficiency  of  the  application,  i.e.,  the 
actual  amount  of  pesticides  which  impinges  on  the  target  organisms. 
If  the  application  efficiency  is  high,  contamination  by  i>osticides  caused 
by  particles  which  fait  on  nontarget  organisms  aml/or  fotinge  and 
soil,  is  minimized.  If,  in  addition  to  more  efficient  application,  pesti- 
cides less  toxic  to  nontarget  organisms  and  more  selective  to  target 
organisms  are  used,  then  a reduction  in  environmental  contamination 
will  result. 

In  n study  on  the  spray  application  for  the  spruce  hudworm,  Mime) 
and  Moore  (0)  attempted  to  resolve  these  problems.  They  felt  that 
the  spray  operation  should  meet  three  conditions:  (1)  An  insecticide 
which  would  Ik?  more  toxic  to  the  spruce  bndworm  than  toother  orga- 
nisms .should  be  used:  (*2)  the  insecticide  should  l>e  amendable  to 
breakdown  in  the  forest  ecosystem  and  thus  not  be  accumulated  in  plant 
and  animal  systems;  and  (•’!)  the  jK'sticide  should  Ik?  directed  to  the 
target  insect  with  a higher  degree  of  efficiency  than  to  other  organisms. 

/Sectrnn,  a enrhainnte  insecticide,  was  selected  for  use  because  it 
demonstrated  a high  degree  of  selectivity  for  the  hudworm.  It  is  more 
toxic  to  the  hudworm  than  DDT  and  1ms  n relatively  high  acute  oral 
toxicity,  which  are  the  main  j>oteiitial  hazards  in  field  use.  Also,  Zec- 
Irnn  and  its  metabolites  are  readily  broken  down  by  sunlight  and  in 
plant  and  animal  systems.  The  problem  of  directing  the  spray  to  the 
spruce  hudworm  with  greater  efficiency  than  to  any  other  organism  was 
then  studied. 

It  has  been  demonstrated  that  most  forest  spraying  has  been  con- 
ducted with  particles  of  15(fy  mass  median  diameter,  i.e.,  50  percent 
of  the  particles  are  of  drop  sizes  greater  than  150/i  diameter.  This  was 
true  even  though  earlier  work  indicated  that  drop  sizes  of  more  than 
l00/i  penetrated  vegetation  only  slightly  or  not  at  all.  Moore  made  a 
study  of  the  drop  sizes  which  would  most  efficiently  penetrate  the  forest 
canopy.  Fine  fluorescent  particles  wore  sns|>endcd  in  the  spray.  These 
particles  distributed  themselves  according  to  the  spray  volume  in 
any  given  drop.  Hy  counting  the  number  of  flourcscent  particles 
remaining  after  a given  drop  had  evaporated,  it  was  possible  to 
determine  the  approximate  original  size  of  that  drop. 

When  the  size  and  humidor  of  spray  drops  impinging  on  each  spruce 
hudworm  larvae  was  studied,  it  was  found  that  no  significant  number 
of  drops  larger  than  1(*V  diameter  and  only  a small  number  of  drop^ 
lets  between  50  and  100/t  diameter  reached  the  target  insects.  Only 
drops  below  50/i  diameter  reached  the  hudworm  larvae  with  any 


degree  of  efficiency.  This  is  significant  when  it  is  considered  that  95 
percent  of  t lie  spray  volume  of  spray  systems  normally  used  in  forest 
insect  control  are  larger  than  50/t  diameter.  Tims,  a great  proportion 
of  this  spray  fails  to  reach  the  target  insect  and  becomes  a major 
source  of  environmental  contamination.  This  study  resulted  in  the 
development  of  a spray  system  which  eliminated  all  drops  above  12(fy 
diameter. 

Potential  exposure  hazard *. — Pesticides  vary  in  (heir  toxicity  to 
humans.  The  potential  exposure  of  a person  to  a given  pesticide  often 
is  determined  by  the  formulation  and  particle  size  of  the  material. 
Thus,  a compound  which  may  not  be  considered  toxic  to  humans  but 
that  has  been  formulated  in  a way  which  promotes  easy  entry  into  the 
body,  may  be  potentially  more  harmful  than  a more  toxic  pesticide 
with  a more  difficult  entry  path.  Particle  size  is  an  important  factor. 

The  three  main  mode^  of  entry  of  pesticides  into  the  body  are  by: 
(1)  inhalation;  (2)  skin  absorption;  and  (3)  ingestion.  Hayes  (10) 
lias  rated  the  three  major  pesticide  formulations  (gases,  dust,  and 
sprays)  according  to  their  |>otential  for  entry  by  the  aliove  routes.  For 
respiratory  intake,  the  most  hazardous  formulation  is  a gas.  Next  are 
dusts  and  the  least  dangerous  are  sprays.  Thus,  the  danger  from  this 
route  of  entry  decreases  with  increasing  particle  size.  The  maximum 
danger  due  to  skin  absorb! ion  is  from  sprays  and  liquids,  with  dust 
posing  the  lowest  threat.  Hayes  noted  that  some  gasses  can  pass 
through  the  skin. 

The  effect  of  particle  size  on  ex|>osure  was  studied  by  Wolfe  ct  ah 
Ut).  The  dermal  and  respiratory  ex|>nsnivs  to  parathinn  of  worker 
using  both  conventional  dilute  spray  machines  and  low-volume  con- 
centrate sprays  were  compared.  The  particle  size  of  the  concentrate 
spray  is  smaller  (20  p to  100  p diameter)  than  that  of  the  conventional 
spray  machine  (over  150  p diameter).  The  potential  dermal  and 
respiratory  exposures  associated  with  the  two  spraying  methods  were 
found  to  l*  as  follows: 


CotKfMf***  rt**y!n* 

CoftrirtOofifcl  dibit  e 

technique 

method 

Dermal  exposure ....  * 

Respiratory  exposure 

..  0.02  mg  ./hr. 

Most  of  the  difference  in  the  dermal  exjK*sure  was  attributed  to  a 
greater  hand  ex|>osurc  with  the  concentrate  machine.  The  difference  in 
respiratory  exposure  was  considered  to  l«e  caused  by  the  smaller  drop 
size  produced  by  the  concent  rate  spraying  method. 


The  potential  danger  of  pesticides  to  handlers  and  operators  is  well 
known.  The  literature  is  replete  with  accidents  which  have  occurred 
with  adverse,  sometimes  lethal,  consequences.  There  is  less  information 
available,  however,  concerning  the  i>csticide  exposure  to  the  general 
population.  Such  information  is  vital  if  the  proper  assessment  of  the 
risk  to  the  general  population  is  to  be  determined. 

Risebrough  ct  ah  (12)  measured  the  concentration  of  pesticides  over 
Barbados,  an  area  remote  from  t lie  agricultural  use  of  i>esticides,  and 
found  that  the  total  amount  of  |>esticides  in  the  air  ranged  from  less 
than  13X10**  nauogrnins  j>er  cubic  meter  of  air  to  380X10  ° Hijr/m3. 
By  contrast,  the  air  at  La  Jolla,  Calif.,  an  area  adjacent  to  agricultural 
areas  when  pesticides  are  used,  contained  an  average  of  7.0X10  * 
Thus,  the  authors  concluded  that  pesticides  are  universally 
present  in  air  and  that  their  distribution  from  application  sites  is 
dependent  on  the  prevailing  patterns  of  wind  circulation  and  the  rates 
of  fallout. 

In  1965,  the  occurrence  of  a dust  storm  of  unusual  intensity  allowed 
a study  of  the  transi>oi  t of  |>osticides  over  long  distances  and  the  subse- 
quent precipitation  to  earth  by  rainfnl1  to  be  conducted  (7J).TIio  dust 
storms  were,  spawned  on  January  25  in  the  southern  high  plain's  of 
Texas.  The  dust -bearing  air  mass  gradually  moved  eastward,  spreading 
out  in  a north-south  direction  and  narrowing  in  an  east-west  direction 
due  to  airflow  patterns  within  the  air  mass,  and  liv  January  2G,  pails  of 
the  dust  had  reached  Cincinnati,  Ohio.  Dust  was  collected  in  Cincin- 
nati and  analyzed  for  its  |>esticide  content.  The  major  j*sticidc  com- 
ponents of  the  dust  weie  DDT  ami  chlordaiie  with  concentrations  of 
0.6  and  0.5  p.p.iu.  resi>ectively  based  on  the  air-dried  weight  of  the 
dust.  DDK  and  Bonne]  followed  closely  in  concentration.  These  four 
|>esticides,  together  with  three  other  |>esticides,  heptachlor  epoxide, 
2,4, 5-T  and  dieldrin,  which  occurred  in  lesser  amounts,  made  up  the 
major  |>oi1ion  of  the  pesticide  content  of  the  dust. 

This  study  gives  evidence  that  pesticides  may  l>e  transported  over 
long  distances  when  attached  to  dust  particles  in  the  air.  These  parti- 
cles may  Ik*  washed  out  of  the  air  by  rainfall  and  deposited  on  the 
ground.  Evidence  is  also  provided  that  the  pesticides  can  survive 
degradation  hy  photochemical  reactions  in  the  atmosphere  and  can  l>o 
deposited  over  land  surfaces  remote  from  their  point  of  application. 

A study  was  carried  out  hy  Stanley  (H)  with  the  express  purpose 
of  determining  the  atmospheric  contamination  hy  )>esticides  in  the 
Cnited  States.  Sampling  sites  were  established  Rt  nine  locations:  Bal- 
timore, Md.,  Buffalo,  X.Y.,  Dothan,  Ala.,  Fresno,  Calif.,  Iowa  City, 
Iowa,  Orlando,  Fla.,  Riverside,  Calif.,  Salt  Lake  City,  Ctah,  and 
Stonevillc,  Miss.  Both  urban  and  rural  sampling  sites  were  chosen. 


Chlorinated  hydrocarbons  such  as  DDT,  BHC,  DDE,  lindane,  dicl- 
drin,  and  aldrin,  and  organophosphorus  pesticides  such  as  parathion 
and  nialathion  were  sought.  Only  DDT  was  found  at  all  localities. 
The  DDT  concentrations  were  highest  in  the  agricultural  areas  of  the 
South.  Pesticides  were  found  from  the  lowest  level  of  detection  (0.1 
ng/m*  air)  to  as  high  as  1560  ng/m?  p-p'  DDT,  2520  ng/m%  toxaphene 
and  405  ng/m?  parathion. 

The  highest  i>ost icide  levels  were  found  wlien  spraying  was  re- 
[x>rted  to  have  occurred  just  prior  to  the  sampling.  There  was  no  cor- 
relation between  pesticide  levels  and  rainfall.  In  most  cases,  when  the 
pesticide  levels  decreased  after  a rainfall  had  been  reported,  it  was 
also  noted  that  spraying  activities  had  also  ceased  because  of  the  rain. 
The  decrease  in  pesticide  levels  could  therefore  have  been  due  to  the 
cessation  in  spraying  operations. 

The  kinds  and  levels  of  pesticides  found  varied  with  the  agricul- 
tural activity  in  a given  area.  The  pesticide  levels  varied  from  season 
to  season  according  to  the  chemicals  used  and  crops  grown  during 
each  season.  Most  pesticides  were  present  in  the  atmosphere  as  par- 
ticulates. There  was  little  correlation  between  the  pesticide  level  and 
the  time  of  day.  These  concentrations,  even  the  highest  levels  meas- 
ured, are  below  those  encountered  by  the  general  population  from 
other  sources.  For  example,  Durham  rt  al.  (M)  analyzed  12  restaurant 
and  17  household  meals  and  found  that,  based  on  the  food  in  the  meals 
analyzed,  the  mean  daily  intake  of  DDT  was  1.99X10  1 mg . If  a per- 
son inhales  7000  1/day  of  air  containing  1560  ngfm%  DDT.  he  will 
inhale  1.092  X 10~:  mg/ifoy. 

It  is  obvious  from  this  study  that  broader  sampling  programs  must 
be  undertaken  in  order  to  establish  the  pesticide  lex  els  to  which  the 
general  population  is  exposed.  In  the  study  just  mentioned,  both  urban 
and  rural  sampling  sites  were  chosen,  but  in  different  localities.  It 
might  be  more  meaningful  to  take  both  urban  and  rural  samples  at 
the  same  locality  rather  than  to  try  to  compare  pesticide  levels  of 
rural  Mississippi  with  urban  (California  or  Xew  York.  In  order 
to  study  the  |>esticide  levels  in  the  Tnited  States,  {*rhnps  one  section 
of  the  country  should  Ik*  concentrated  on  at  a lime.  An  area  in  which 
a large  amount  of  pesticides  is  lacing  used,  for  example  the  South- 
east, could  be  selected  for  study.  Within  this  area,  urban  and  rural 
samples  would  be  collected  in  order  to  establish  the  amounts  of  pes- 
ticides transported  from  the  rural  spraying  areas  to  the  urban  center. 
In  this  way,  urban  exposure  could  lie  related  to  the  spraying  activities 
in  the  surrounding  rural  area. 

Penhtencf  of  p€*tirid€*  in  air . — The  presence  of  |x*Micides  in  air 
is  a function  of  their  chemical  nature,  physical  state,  method  of  ap- 
plication, and  atmospheric  conditions.  The  jK*rsistence  of  |K*sticidcs  in 


the  air — i.e.,  the  length  of  time  the  particles  remain  in  the  air — is  also 
a function  of  these  factors.  Pesticides  may  be  lost  from  the  air  by  sev- 
eral  means.  Gravitational  fallout  and  washout  by  rain  are  perhaps  the 
two  major  factors  which  cause  pesticide  removal  from  the  air.  Ex- 
posurc  of  pesticides  in  air  to  sunlight  and  reactive  comjxninds  results 
in  degradation  or  modification  of  the  compounds  by  photolysis  and 
catalysis,  but  the  amount  of  pesticides  removed  from  (lie  air  by  these 
processes  is  unknown. 

The  persistence  of  pesticides  in  the  air  is  also  a function  of  their 
volatility,  particularly  with  spray  operations.  Spray  particles  decrease 
in  size  as  they  fall,  due  to  evaporation  and  codistillation.  If  they  evajxi- 
rate  completely  before  they  fall  to  the  ground,  dust  particles  remain 
and  are  more  liable  to  drift. 
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Tiib  Water  Route 

The  introduction  of  ]>est icides  into  t lie  water  environment  can  occur 
even  before  the  ruin  drop  comes  into  contact  with  a pesticide-treated 
surface.  Rainwater  was  collected  continuously  over  a 12-month  period 
in  the  lirilisli  Isles  at  seven  widely  distributed  sites.  At  all  sites  and 
throughout  the  year,  rainwater  contained  alpha-RHO,  ganilna-BHC, 
dieldrin,  pp'DDT,  pp’DDK,  and  ppTDK.  The  concent  nit  ions  were 
extremely  minute,  being  of  the  order  of  parts/10u  or  parts/101*  (/). 

The  major  pathway  of  jiesticides  into  the  water  environment  occurs 
through  direct  application  to  surface  waters  and  surface  run  off.  The 
major  recipients  of  surface  run  off  are  streams,  lakes,  and  coastal 
waters. 

(hound  irafer *. — Some  pesticides  ultimately  find  their  way  into 
ground  waters,  but  the  contribution  of  |>esticides  to  a surface  water 
such  as  a perennial  stream  from  a ground  water  source  is — like  rain- 
fall — minute.  Many  variables  are  responsible  for  the  cmall  concern 
(rations  of  |>esticidcs  usually  found  in  ground  waters.  These  include 
the  type  of  |>esticidc,  its  solubility,  formulation,  and  mode  of  appli- 
cation, the  soil  t\|K\%  climate,  season,  amount  of  soil  orgnnic  matter, 
microbiological  imputations,  and  yet  other  factors.  Organochlorines, 
for  example,  have  been  demonstrated  to  move  only  short  distances  ill 
soils  via  the  leaching  process  (2).  Another  study  concluded  that  it  was 
most  unlikely  that  parathion  could  contaminate  underground  water 
supplies  hy  leaching,  under  normal  rainfall  conditions  (*?).  Russian 
workers  found  that  lindane  .ml  lieptachlor  do  not  contaminate  ground 
waters  when  used  in  quantities  encountered  In  ngi  "cultural  practice, 
hut  concluded  that  to  avoid  the  possibility  of  contamination,  these 
organochlorines  should  not  lie  used  oftener  than  once  every  2 or  3 
years  (j).  Working  with  diddrin,  Kye  (5)  concluded  that  it  cannot  1* 
transited  through  soils  into  subsurface  waters  in  significant  amounts 
by  infiltrating  water  l>ecanse  of  the  extremely  long  time — several 
hundred  years — necessary  to  transport  the  dieldrin  in  solution  through 
the  top  1*2  inches  of  soil.  However,  ground  waters  must  be  vigilantly 
protected  since,  once  piloted,  the  contamination  can  |*rsist  fur  long 
jieriods  of  time.  That  they  can  Income  |K>11utcd  is  documented  in  the 
Monteliello,  ('alif,  and  Colorado  arsenal  incidents,  lx>tli  of  which 
involved  2,44)  (£). 

The  Knvironmefital  Control  Administrations  Hnrean  of  Water 
Hygiene  recently  (summer  J0f4>)  queried  several  States  alarnt  inci- 
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dents  of  well  water  contamination  by  pesticides.  The  reply  from  Illi- 
nois, succinctly  characterizes  the  response  from  all  the  States:  * * 

To  our  knowledge  we  have  never  had  a public  well  water  supply  con- 
taminated with  pesticides.  Through  the  years  we  have  had  several 
instances  of  private  wells  being  contaminated  by  and  large  through 
accidental  spills  and  back  siplionnge  directly  into  the  well.  A typical 
example  is  a well  in  Adams  County  where  a farmer  was  making  up 
a tank  of  pesticide.  He  left  a power  pump  in  operation  while  lie  went 
into  his  farm  home  for  lunch.  While  he  was  there  the  motor  stopped 
and  the  total  content  of  the  tank  was  back  siphoned  into  the  well. 
We  have  rarely  had  an  example  of  a well  being  contaminated  by 
underground  infiltration.  The  few  instances  where  we  have  had  such 
condition  have  been  the  result  of  the  application  of  termite  control 
materials  in  a trench  immediately  adjacent  to  a water  supply  well/' 

From  Wisconsin  it  is  reported  that  it  took  several  months  to  remove 
the  residual  taste  from  the  water  of  wells  accidently  contaminated 
by  2,4-1)  during  which  time  cattle  would  not  drink  the  water.  An 
analysis  of  a private  well  water  in  Ohio  showed  0.00&J  mg.  of  chlor- 
dane per  liter  but  no  information  was  available  on  the  route  of  entry. 
Another  well  contained  2,4-1)  in  a concentration  of  0.0155  mg.//, 
which  gained  entry  through  run-off  from  an  area  sprayed  by  t fie 
State  Highway  Department. 

The  Indiana  response  stated:  "We  have  learned  to  c.\l>ocf  requests 
for  hell)  in  three  or  four  cases  of  chlordane  in  wells  every  spring  or 
early  summer  when  exterminators  treat  for  termites.  The  pesticide 
normally  associated  with  termite  control  is  chlordane  although  one 
of  the  labels  sent  to  us  this  spring  included  one  percent  of  an  extract 
of  Lindane/’  One  of  the  |irn|ierty  owners  whose  well  was  contaminated 
during  termite  extermination  lejKirted  that  his  water  still  tasted  of 
chlordane  a year  later. 

In  connection  with  the  State’s  O round  Water  Quality  Control  Act 
in  Michigan,  consideration  was  given  “to  the  possibility  of  |K)llution 
of  the  soil  or  ground  water  from  the  mixing  and  prepa ration  of  sprat 
materials,  fertilizers,  or  chemicals/’  and  that  a LVKfoot  isolation 
distance  is  specified  between  a well  and  the  preparation  or  stoirgo 
area  for  such  chemicals. 

Preliminary  results  from  a bureau  of  Water  Hygiene  survey  of 
private  well  water  supplies  in  one  State  indicate  that  |ieslicide  pollu- 
tion of  ground  waters  is  more  wide  spread  than  commonly  realized, 
although  the  concentrations  are  very  low.  At  the  time  of  writing 
only  nine  samples  had  l>cen  analyzed,  bill  all  nine  showed  DDT.  In 
addition,  three  contained  endrin,  two  contained  chlordane,  and  one 
each  contained  dieldrin  and  heptacldor.  Although  all  concentrations 


were  less  than  one  microgram  per  liter,  the  |>ossibi]ity  of  concentrations 
increasing  with  time  must  be  considered. 

Surface  runoff . — The  1007  production  of  pesticides  of  1030  X 10*  lbs. 
if  applied  continually  to  the  annual  t\S.  runoff  (1. 10X10*  million 
gallons  |>er  day)  would  result  in  a concentration  of  0.3  mg./7(7). 
Although  this  exercise  is  purely  academic  (most  of  the  production 
is  exjmrted  and  most  of  that  whirl i is  used  is  degraded  or  tightly 
bound  to  soils)  it  does  point  out  the  extensive  use  of  [>esticides  by 
our  society. 

Because  of  the  tight  binding  characteristics  of  pesticide  residues  to 
soil  particles,  it  is  suggested  that  the  general  pollution  of  water  by 
pesticides  occurs  through  the  transport  of  soil  particles  to  which  the 
residuesare  attached  (8).  Problems  of  sampling  and  analysis  preclude 
the  use  of  systems  designed  to  give  continuous  read-out  of  pesticide 
concentrations  in  water.  It  is  a common  finding  in  water  analysis  that 
fish  may  contain  pesticides  in  excess  of  Federal  tolerances,  yet  water 
samples  from  the  same  environment  may  fail  to  reveal  t lie  presence  of 
residues  at  levels  of  1 X lO'Mng./h  (9).  It  is  not  surprising,  therefore, 
that  shellfish — known  for  their  accumulating  characteristics — have 
been  proi>oscd  as  monitors  of  water  quality  for  |>esticides.  Laboratory 
experiments  showed  that  oysters  and  other  bivalves  remove  chlori- 
nated hydrocnrlxm  [>esticidcs  from  exjierimentnlly  contaminated  water 
and  store  them  in  tissues.  In  clean  water,  the  residues  are  flushed  out  at 
uniform  rates,  losing  oysters,  Butler  (10)  conducted  a 3 •year,  170-sta- 
tion study  of  estuaries  that  demonstrated  that  ]>esticide  l >ol  I lit  ion  is 
primarily  the  result  of  agricultural  practices  in  the  associated  river 
basins,  and  t lint  in  sj>eoitio  locations,  industrial  or  municipal  wastes 
and  noxious  insect  control  programs  are  major  somves  of  dilution. 

The  Public  Health  Service  Laboratory  at  Dauphin  Island,  Ala., 
clearly  denonstrated  the  seasonal  variation  in  |>estirides  content  of 
oysters  in  Mobile  Bay.  Peak  total  DDT  levels  occurred  in  late  winter 
and  early  spring  months,  coinciding  generally  with  the  maximum 
fresh  water  inflows  and  minimum  salinities  of  the  Bay  waters  (II). 

Nicholson  (IJ)  notes  the  close  affinity  of  |>esticides  to  soil  particles 
and  suggests  that  the  soil-loss  equation  used  in  guiding  conservation 
farm  planning  be  applied  to  the  prediction  and  control  of  jiesticide 
|H>llufion  associated  with  rural  run  off,  The  affinity  may  also  l>e  a basis 
for  water  |>ol lotion  control  recommendations  based  on  geographic 
zones. 

I.ak v*. — (ieologically  s|K*aking,  lakes  are  usually  transitory  Inxlies. 
They  are  l>oni,  they  live  and  age,  and  they  die.  Their  aging  process  is 
termed  eutrophication.  That  man's  influence  grossly  accelerates  the 
process  is  well  documented ; witness  Lake  Krie.  Lakes  and  oceans  are 
veritable  sinks  for  man's  wastes.  But  lakes  are  infinitely  more  sus- 


eeptible  to  maivs  negligence  because  of  their  much  smaller  size.  Even 
larger  lakes,  however,  are  not  immune  as  witness  the  Lake  Michigan 
Coho  salmon  and  Lake  Erie  eutrophication  problems.  To  illustrate  the 
concentrations  of  pesticides  present  in  Lake  Michigan  water,  t he  re- 
sults of  grub  samples  taken  from  the  t wo  intakes  to  the  Chicago  filtra- 
tion plant  during  April  I960,  showed  the  following: 


Concentration— ppm 

TfUlcidc  Plantl  Plan!  2 


Lindane 0. 020X10-*  0.010X10“’ 

Hcptachlor  epoxide 0.049X10-*  0.019X10“’ 

Aldrin 0.019X10“* 

DDT 0.058X10  “’  0.034X10“* 

pp'  DDT 0. 122X 10  “*  0.  029X 10  -3 


A limited  number  of  surface  samples  collected  by  the  Hureau  of 
Commercial  Fisheries,  Ann  Arbor  Hiologieal  Laboratory,  from  Lake 
Michigan  in  lOGSsbowed  the  following: 


DDT  2.0-2  8 rpmxia* 

DDD  0. 3-0.5  H>niXia* 

DDE  0.8-1. 4 ppmxia* 


Lakes  with  waters  of  lesser  amounts  of  dissolved  minerals  are  more 
biologically  sparse  than  more  eutrophic  lakes.  An  interesting  experi- 
ment was  performed  in  Oregon  wherein  two  mountain  lakes  were 
treated  with  the  organochlorine  toxaphenc.  One  lake  was  deep  and 
biologically  sparse,  the  other  was  shallow  and  rich  in  aquatic  life. 
The  deoj>er  lake  could  not  be  restocked  with  trout  for  f>  years  l)ccause 
of  toxic  quantities  of  toxaphene  remaining  in  the  water.  Trout  were 
restocked  in  t lie  shallow  lake  within  one  year.  Explanations  offered 
for  the  slow  recovery  of  the  dee|>er  lake  include  thermal  stratification 
due  to  depth,  a slow’  rate  of  dilution  from  small  tributaries,  and 
markedly  less  plant  and  animal  life  (/J). 

An  im|*)rtant  a$|>ect— |>crhaps  the  most  important  as|>eet— of 
chemodynrmics  of  a lake  and  which  is  fundamental  to  the  life  of  the 
lake  as  w ell  as  to  the  effects  of  |>esticides  therein  involves  the  sediment - 
water-chcwical  interchange.  These  relationships  are  well  suited  to 
modem  systems  analysis  and  mathematical  modeling  and  deserve 
increased  study. 

The  |>ossi1ile  buildup  of  j?esticides  in  the  Urttom  sediments  of  lakes, 
with  the  result  that  they  Ixvome,  in  effect,  reservoirs  of  |>esf  icide  resi- 
dues, has  received  little  study.  If  this  j henonienon  occurs  in  lakes 
which  undergo  thermal  stratification,  the  |*sticides  could  theoreti- 
cally 1*  re$us|*nded  with  the  sediments  during  the  fall  overturn  and 


present  aquatic  organisms  with  additional  exposure  to  higher  con- 
centrations than  would  be  expected.  Such  periodic  exposure  could 
lead  to  an  increased  biological  accumulation  in  the  food  chain. 

Most  of  the  studies  that  have  described  the  fate  of  pesticides  intro- 
duced into  aquatic  systems  have  found  that  the  decrease  in  water  pesti- 
cide concentration  which  occurs  with  elapsed  time  after  the  applica- 
tion is  accompanied  by  an  increase  in  the  concentrations  of  pesticide 
found  in  the  lx>ttom  sediment  and/or  the  organisms.  For  example, 
Bridges  rt  ah  (/ j)  applied  0.02  p.p.ni.  DDT  to  a farm  pond  and  ob- 
served that  the  surface  water  concentration  decreased  from  0.08  p.p.m. 
one-half  hour  after  treatment  to  zero  in  4 weeks.  The  concentration  of 
DDT  in  the  bottom  mud  prior  to  treatment  was  found  to  be  0.08  p.p.m. 
One-half  hour  after  treatment,  DDT  concentration  in  the  mud  was0.21 
p.p.ni.?  and  after  8 weeks  the  mud  contained  0.10  p.p.ni.  At  this 
time  vegetation  samples  contained  5.1  p.p.m.  DDT.  Twelve  months 
after  treatment,  the  vegetation  had  returned  to  pretreatment  levels. 
Fish  accumulated  3 to  4 p.p.m.  DDT  and  its  metalxdites  v illiiu  1 
month  after  the  treatment.  The  levels  declined  to  2 to  3 p.p.m.  15 
months  later.  Uoi>c  (lo)  reports  on  a study  in  which  20  p.p.m.  DDT 
were  added  to  a microcosm  system  containing  w iter,  mud,  vegetation, 
si  I n fish  arid  snails.  The  water  concentration  decreased  to  0.42  p.p.b,  in 
14  days  but  the  mud  concentration  had  increased  to  6 p.p.b.  and  the 
vegetation  to  15.6  p.p.m.  The  fish  contained  1.0  p.p.m.  DDT  after  2 
weeks  and  the  snails  160  p.p.b. 

Undoubtedly  not  all  l>esticides  exhibit  the  same  phenomenon.  For 
example,  (he  water  in  a pond  contaminated  by  endrin  as  a result  of 
aerial  spraying  of  an  adjacent  field  at  the  rate  of  Ooz.  of  active  ingredi- 
ent jrt*r  acre  was  found  to  contain  0.04  p.p.m.  endrin  4 days  after  treat- 
ment (10).  The  water  concentration  declined  for  21  days  after  which 
no  more  endrin  was  detected  in  the  water.  Kudrin  concentrations  in 
the  mud  after  45  days  were  found  to  1*  0.35  p.p.ni.  after  which  time 
the  endrin  disap|K\ared. 

Although  some  |>esticides  may  not  exhibit  long  term  accumulations 
in  aquatic  systems,  the  possibility  exists  that  reservoirs  of  pesticides 
l>ecamn  available  for  recycling  hack  into  biotic  systems.  Therefore, 
studies  on  the  rates  of  ]>esticide  interchange  acri*s  tnucl-wnter  inter- 
faces and  Ijelween  vegetation  and  water  and  the  magnitudes  of  the 
pesticide  levels  involved  should  I*  conducted. 
h'ntuarinc  tratcr* 

Pesticides  are  a matter  of  serious  concern  to  the  shed  fishing  and 
tinfishing  industry  as  well  as  to  sports  fishing  enthusiasts.  Wafer  qual- 
ity standards  for  |>eslicides  as  a means  of  protecting  fish  resources  ap- 
jiears  to  be  of  value  for  shellfish  but  the  evidence  is  not  so  clear  for 


game  fish.  The  studies  of  Mobile  Ray  oysters  by  the  Public  Health 
Service  (//)  demonstrates  the  ability  of  shellfish  to  cleanse  them- 
selves of  pesticides.  Butler  (17)  reported  mi  ability  of  shellfish  to 
cleanse  themselves  of  0.03  to  1.5  p.p.m.  of  various  organochlorines  in  a 
10-20  day  period  when  placed  in  clean  water.  A similar  ability  for 
finfisli  has  not  yet  been  demonstrated. 

Although  estuarine  areas  wherein  oysters  are  found  would  appear 
highly  vulnerable  to  pesticide  contamination,  continuing  surveillance 
demonstrates  that  the  need  for  standards  is  not  urgent  (IS).  However, 
a surveillance  program  is  highly  recommended  (10) . 

The  importance  of  estuarine  areas  as  the  nursery  areas  of  the  world’s 
marine  food  production  is  discussed  by  Butler  (20).  lie  states  that 
industrial  and  domestic  pollution  of  many  estuaries  has  already  so 
degraded  the  environment  that  only  the  most  tolerant  of  organisms 
can  persist,  and  that  the  remaining  uneontamiiiated  estuaries  are  of 
major  importance.  As  pristine  qualities  cannot  be  restored  to  degraded 
estuarine  environments,  consideration  must  lie  directed  toward  the 
provision  of  estuarine  hatcheries  similar  to  those  u.ed  for  fresh  waters. 

The  inhibition  of  marine  algal  photosynthesis  by  DDT  was  investi- 
gated by  Wurster  (21).  Four  algal  species,  including  a diatom  from 
Long  Island  Sound,  a coccolitliophore  and  a green  alga  from  the 
Sargasso  Sen  and  a neritic  dinoflagellnte,  were  tested,  as  well  as  a 
marine  phytoplankton  community,  by  exposing  them  to  DDT  and 
measuring  their  photosynthesis  as  indicated  by  the  fixation  of  C14. 
In  all  cases  ail  increase  in  the  concentration  of  DDT  from  1 p.p.l>.  to 
100  p.p.b.  produced  a decrease  in  photosynthesis  from  the  photosyn- 
thetie  level  of  unexposed  control  algae  to  approximately  10-40  percent 
of  the  control  photosynthesis.  At  a constant  10  p.p.b.  DDT,  the  inhibi- 
tion of  photosynthesis  decreased  with  increasing  cell  concentration 
due,  according  to  the  author,  to  a decrease  in  the  amount  of  DDT  in 
solution  per  cell.  Wurster  states  that  his  laboratory  experiment  demon- 
strated that  reduced  phytoplankton  populations  in  nature  might  be 
caused  by  DDT.  DDT  might  also  encourage  blooms  of  some  algal 
species  after  the  selective  stress  of  the  chemical  has  produced  a decrease 
in  other,  loss  tolerant,  community  phytoplankters.  Continued  increases 
of  concentration  of  persistent  pesticides  in  the  marine  environment 
might  then  have  long-term  impact  on  total  photosynthetic  activity, 
perhaps  inducing  a change  in  oxygen  and  carbon  dioxide  partial  pres- 
sures in  the  atmosphere. 

ly otable  miter  supply 

The  Public  Health  Service  Advisory  Committee  on  Use  of  the  PUS 
Drinking  Water  Standards  recommended  limits  for  select  pesticides 
(22).  These  limits  were  derived  for  the  Advisory  Committee  by  an 
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expert  group  of  toxicologists  as  being  safe  if  ingested  over  extensive 
periods.  The  limits  for  four  of  the  pesticides  (nldrin,  heptuchlor, 
el  1 lord n ne,  and  panitliion)  were  set  at  even  lower  values  because  of 
their  organoleptic  properties.  The  pesticides  and  their  limiting  com 
ccntrations  are  : 


Pcs  ttcidc  Concent  rat  io  n . m g . //. 

Atclrin  0.017 

Chlordmto  _ 0.003 

DOT  0.  042 

Dloldrin  0.017 

Kndrlu  0. 001 

Hontachlor 0.018 

Hcntmtilnr  epoxide 0.018 

Lindane  o.  030 

Motlioxyelilor  0.033 

Organic  phosphates  pins  carbamates 0, 1 1 

To  \ a phene  - 0.003 

2.4=I)+2,4,.'5==T-f2,4.5^TP  0.  1 


1 As  parnthion  in  cholinesterase  Inhibition.  It  may  be  necessary  to  resort  to 
even  lower  concentrations  for  some  roni]>ouii(ls  or  mixtures. 

It  should  l>e  noted  that  these  criteria  have  never  been  officially 
adopted  by  the  Public  Health  Service  in  their  Drinking  Water  Stand- 
ards although  the  operating  program,  the  lbireau  of  Water  Hygiene, 
utilizes  the.  criteria  ns  guidelines. 

Water  quality  criteria  related  to  recreation  as  used  by  the  Public 
Health  Service  contain  no  limits  for  specific  pesticides.  The  need  for 
their  control  is  emphasized  in  terms  of  satisfactory  conditions  being 
preserved  through  watershed  management : c/*..  evaluation  of  poten- 
tial health  hazards  through  consideration  of  the  toxicity,  persistence, 
and  exposure  hazards  of  any  pesticides  to  he  used  (&y). 

Water  is  a vehicle  for  transporting  wastes  and  most  waste-treatment 
plants  use  biological  processes.  The  effects  of  pesticides  on  these  bio- 
logical stabilization  processes  are  so  far  not  of  great  importance  at 
the  concentrations  usually  encountered  (2/f).  However,  effects  can  be 
disastrous  at  the  high  concentration',  that  might  result  from  spills  or 
accidents. 

The  removal  of  pesticides  by  standard  water  treatment  processes 
has  been  found  to  vary  with  the  individual  pesticide  ami  the  concen- 
trations encountered.  In  general,  it  is  much  more  difficult  to  remove  the 
low  levels  of  pesticides  that  occur  through  continuous  contamination 
from  runoff',  etc.,  than  to  reduce  the  high  levels  which  result  from 
direct  application  and  accidents. 

Cohen  ct  ah  (25)  studied  the  effectiveness  of  standard  water  treat* 
tnenfc  processes  for  removing  rotenoue  and  toxapliene  and  concluded 
that  the  single  most  effective  treatment  was  the  use  of  activated  carbon. 
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llotenonc  and  toxaphene  at  concentrations  of  100  p.p.b.  were  reduced 
to  3 p.p.b.  mid  7 p.p.b.,  respectively,  with  5-0.0  p.p.b.  carbon.  Alum 
coagulation  failed  to  remove  either  pesticide.  Chlorine  and  chlorine 
dioxide  were  ineffective  in  reducing  the  concentration  of  toxaphene  but 
did  oxidize  rotenone.  The  concentrations  required,  however,  were  so 
high  that  the  residual  oxidants  had  to  be  removed  by  dechlorination. 

Aly  and  Faust  (26)(27)  found  that  activated  carbon  was  the  most 
effective  method  for  removing  the  herbicide  2,4-1)  from  water.  At  an 
initial  concentration  of  1 p.p.ui.,  13.0-1(>.2  p.p.m.  earl>on  was  required 
to  reduce  the  2,4-1)  concentration  to  0.1  p.p.m.  The  authors  found  that 
precipitation  with  limestone  products  did  not  remove  2,4-1)  from  the 
water  because  of  the  high  solubility  of  calcium  and  magnesium  salts. 
Neither  oxidation  by  chlorination  or  |K>tassiuin  permanganate  nor 
coagulation  with  ferrous  sulfate  and  alum  at  concentrations  of  100 
p.p.m.  removed  2,4-D  from  water. 

The  removal  of  low  concent  rations  of  toxaphene  and  MIC  by  carbon 
adsorption  at  a municipal  water  treatment  plant  was  studied  by 
Nicholson  et  ah  {28).  During  a 4-year  period,  the  concentrations  of 
toxaphene  in  untreated  water  was  measured  at  7 to  270X10-°  p.p.m. 
while  the  concentration  of  toxaphene  in  treated  water  during  the  same 
period  ranged  from  5 to  410  X 10~R  p.p.m.  The  concentrations  of  MIC 
ranged  from  7 to  1,004X10  ° p.p.m,  in  untreated  water  and  from  0 to 
G40X  10-n  p.p.m.  in  treated  water.  It-  was  concluded  that  the  treatment 
process  used  was  ineffective  in  removing  the  low  concentrations  of 
toxaphene  and  MIC. 

Tlie  use  of  other  techniques  for  the  removal  of  low  levels  of  pesticides 
from  water  has  not  received  extensive  study  and  requires  further 
evaluation.  Such  methods  involve  the  use  of  other  adsorptive  media, 
ion  exchange  resins,  selective  membranes  and  pH  adjustment  and 
require  that  the  chemical  characteristics  of  the  specific  pesticide  that 
is  to  be  removed  be  taken  into  account. 

Tlie  available  data  suggest  that  periodic  occurrences  of  high  pesti- 
cide levels  in  water  may  be  reduced  to  acceptable  concentrations  by 
water  treatment  practices  and  that  adsorption  by  activated  carbon 
is  the  most  effective  such  treatment.  Low  level,  long-term  contamina- 
tion, however,  is  much  more  difficult  to  remove  and  evidence  indicates 
that  current  water  treatment  methods  do  not  eliminate  this  possible 
source  of  human  exposure. 

The  Leport  of  the  National  Technical  Advisory  Committee  to  tlie 
Secretary  of  the  Interior  {22)  on  water  quality  criteria  for  most 
industrial  uses  does  not  indicate  pesticide  contamination  to  be  a major 
concern.  However,  water  required  for  food  and  kindred  products  and 
for  the  leather  industries  is  specified  to  be  of  drinking  water  quality. 

Pesticides  can  have  detrimental  effects  on  irrigation  water  quality, 
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directly  or  indirectly.  The  phenoxy  iicid  herbicides  {2,4-D  1ms  been 
mentioned  in  the  Montebello,  Calif.,  and  Colorado  arsenal  incidents) 
are  suspected  contaminants  of  irrigation  water,  lirnns  (2.9)  found  that 
when  ‘2, 4-1)  at  6 ll>s.  per  acre  in  irrigation  water  was  applied  to  red 
Mexican  beans  in  the  seedling  stage,  the  root  systems  wen?  severely 
damaged  and  the  yield  was  reduced  by  40  percent.  When  applications 
at  the  same  level  were  made  at  the  I doom  stage,  the  loss  rate  dropped 
to  29  percent. 

Tentative  guidelines  have  been  suggested  for  certain  herbicides  and 
for  specific  crops  (22).  An  example  is  provided  by: 


Herbicide 

Type  of  application 

lWerencc  crop 

Concentration 
ing./l.  * 

Acrolein 

..  Furrow 

. beans 

60 

corn 

60 

cotton 

80 

soy  beans 

20 

sugar  beets 

60 

Sprinkler _ 

- corn 

60 

sov  beans 

15 

sugar  beets 

15 

1 Crop  injury  threshold  In  Irrigation  waters. 


For  most  pesticides,  however,  too  little  is  known  about  their  ultimate 
fate  and  their  influence  on  irrigated  agriculture.  However,  thus  far 
evidence  does  not  indicate  that  under  normal  use  insecticide  contami- 
nation of  irrigation  watei  is  detrimental  to  plant  growth  or  accumu- 
lates in  or  on  irrigated  plants  to  toxic  concentrations. 

Pesticide-laden  irrigation  waters  may  be  a source  of  contamination 
to  nearby  streams  as  a result  of  flooding  and/or  runoff.  Miller  ct  ah 
(SO)  observed  the  movement  of  parathion  from  cranberry  bogs  treated 
at  the  rate  of  1 lb.  pci*  acre  into  a nearby  irrigation  ditch  and  drainage 
canal.  A parathion  concentration  of  30  p.p.b.  was  found  in  the  drainage 
canal  immediately  after  spraying  as  a result  of  water  seeping  through 
the  floodgate.  After  24  hours,  the  concentrations  had  decreased  to 
3X  10"3  p.p.m.  At  this  time  2,4-P  was  also  detected  50  and  150  yards 
down  t lie  drainage  canal  indicating  movement  of  the  pest  icide  from  the 
point  of  application.  The  use.  of  a water  tight  floodgate  would  mini- 
mize seepage  but  the  overflow  of  the  liogand  irrigation  ditch  as  a result 
of  a heavy  rain  would  remain  as  a potential  source  of  contamination 
of  waters  and  soils  in  nontarget  areas. 

In  a study  of  the  fate  of  aldrin  in  rice  paddies,  it  was  found  that 
*2  days  after  seeding  with  treated  seeds  at  an  application  rate  of  6 oz. 
per  acre,  the  water  in  the  paddy  contained  1.6  p.p.b.  aldrin  pins  deil- 
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drill  (31).  After  the  third  and  last  drainage  of  the  paddy,  14  weeks 
after  seeding,  the  water  contained  0.07  p.p.b.  aldriu  pins  dieldrin.  Up 
to  0.027  p.p.b.  nldriu  plus  dieldrin  was  found  in  the  ditches  into  which 
the  paddies  were  drained  after  14  weeks  and  the  small  stream  which 
received  this  water  contained  np  to  0.44  p.p.b.  The  river  into  which 
the  stream  flowed  contained  as  much  as  0.023  p.p.b.  aldriu  pins  diel- 
drin. Concentrations  in  the  river  decreased  to  below  0.00G  p.p.b.  after 
several  11101*0  weeks. 

In  the  same  study,  7 days  after  the  treatment  of  a cotton  field  with 
0.4  lb.  per  acre  of  endrin,  a concentration  of  0.6G  p.p.b.  endriu  was 
found  in  the  runoff  following  a 1. 15-inch  rain.  Used  irrigation  water 
contained  0.1  i p.p.b.  endrin  3 days  after  spraying.  Prior  to  irrigation, 
the  water  had  contained  0.0S  p.p.b,  endrin.  These  data  indicate  that 
irrigation  water  applied  to  fields  following  the  application  of  pesti- 
cides may  be  contaminated  after  use.  The  degree  of  contamination 
depends  on  the  time  interval  between  the  pesticide  application  and 
the  irrigation  water  use,  as  the  water  concentrations  decrease  with 
elapsed  time.  The  concentrations  of  pesticide  in  runoff  after  he*avy 
rains,  following  pesticide  application  may  be  significant.  Godsil  and 
Johnson  (32)  studied  the  pesticides  in  water  used  to  irrigate  the  areas 
surrounding  the  Tule  Lake  and  Lower  Klamath  • Lake  Wildlife 
Refuges  located  in  northern  California.  Approximately  150,000  acres 
of  land  lie  upstream  from  these  lakes  and  extensive  use  of  pesticides  is 
made  in  the  area.  Water  is  used  and  reused  throughout  the  irrigation 
system  and  samples  were  taken  at  a point  where  the  water  had  been 
recycled  an  estimated  5.2  times.  Endrin,  because  of  its  abundant  usage 
in  the  area  as  well  as  its  high  degree  of  persistence,  was  found  in  the 
irrigation  water  in  greater  amounts  than  any  other  chemical.  The  con- 
centrations of  endrin  in  the  irrigation  water  increased  during  the 
growing  seasons  and  decreased  to  the  limits  of  sensitivity  between 
seasons.  The  endrin  concentrations  of  submerged  plants,  clams  and  fish 
followed  a similar  pattern.  A maximum  of  0.10  p.p.b.  endrin  in  the 
water  and  108  p.p.b.  in  tui  chubs  was  found  during  one  growing  season. 
Thus,  the  pesticide  concentration  of  irrigation  water  and  aquatic  biota 
were  directly  associated  with  the  agricultural  activities  in  flic  area. 
Between  growing  seasons,  both  the  water  and  the  organisms  returned 
to  low  levels  of  contamination.  Xo  mortalities  were  observed  as  a result 
of  this  contamination.  Although  these  results  indicate  that  short-term 
pesticide  contamination  does  not  result  in  a permanent,  residual  con- 
centration of  pesticides  in  aquatic  organisms,  the  possible  long-term 
hazards  may  only  be  postulated. 

Direct  x praying. — Pesticides  are  applied  directly  to  waters  for  the 
control  of  mosquitoes,  obnoxious  or  undesirable  weeds,  and  snails.  In 
order  to  minimize  the  potential  harm  of  such  applications,  both  to  non- 
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target  biota  and  to  human  consumer  of  water,  an  analysis  of  t lie  pro- 
posed pesticide’s  characteristics  with  respect  to  uses  of  the  target  area 
must  he  conducted  prior  to  its  application.  An  example  of  a successful 
large-scale  direct  application  of  a pesticide  to  water  which  serves  both 
as  a recreational  facility  and  as  a water  supply  is  provided  by  Smith 
and  Ison'i  (33)  who  describe  the  application  of  2,4-1)  for  flic  control 
of  Eurasian  watermilfoil  growth  in  TVA  reservoirs.  Very  stringent 
controls  were  required  in  order  to  preserve  the  aquatic  components 
of  the  system  as  well  as  to  minimize  the  contamination  of  drinking 
watertaken  from  the  impoundments. 

Eight  hundred  and  eighty-eight  tons  of  a 20  percent  2,4-1)  butoxy 
ethanol  ester  granular  herbicide  were  applied  to  8,000  acres  in  seven 
reservoirs  at  rates  varying  from  40  to  100  pounds  of  2,4-D  acid  equiva- 
lent per  acre.  Prior  to  the  application,  laboratory  experiments  deter- 
mined that  concentrations  of  2,4-1)  much  in  excess  of  the  concentra- 
tions that  would  be  encountered  in  the  field,  were  not  completely  toxic 
to  mosquito  larvae.  This  indicated  that  the  aquatic  fauna  would  not  be 
adversely  affected  by  the  concentrations  resulting  from  the  application. 

Following  the  application  of  2,4-1),  raw  water  sample,,  were  ana- 
lyzed by  activated  carbon  absorption  at  nine  water  treatment  plants. 
At  eight  of  the  plants,  concentrations  in  the  raw  water  of  less  than 
1 p.p.b.  2,4-1)  were  found,  and  at  the  ninth,  1 to  2 p.p.b.  were  detected. 
Treated  water  from  the  ninth  treatment  plant  contained  less  than  1 
p.p.b.  2,4-D.  Significant  mud  concentrations  were  observed  following 
treatment,  however,  and  these  residues  remained  high  for  a consider- 
able period  of  time.  In  the  Watts  Bar  Reservoir,  for  example,  58.8 
p.p.m,  2,4-D  butoxy  ethanol  ester  was  found  10  months  after  treatment. 

In  tho  reservoirs  examined,,  no  significant  change  was  observed  be- 
tween pre-  and  post-treatment  numbers  of  burrowing  mayflies,  indicat- 
ing that  the  benthic  invertebrate  populations  had  not  been  harmed. 
The  elimination  of  tho  watermilfoil  did,  however,  result  in  a significant 
loss  of  aquatic  insects  which  utilized  submerged  vegetation  as  a habitat. 
Although  little  uptake  of  2,4-D  by  fish  was  observed,  instances  of  the 
accumulation  of  tho  herbicide  by  freshwater  mussels  were  observed. 

The  large-scale  application  of  a herbicide  for  the  control  of  nuisance 
aquatic  plant  growth  with  a minimum  of  harm  to  the  aquatic  eco- 
system is  demonstrated  by  this  study.  The  results  could  not  have  been 
obtained  had  not  the  herbicide  used  been  carefully  selected. 

In  another  investigation,  preliminary  studies  failed  to  reveal  all 
the  hazards  involved  with  the  proposed  direct  application  of  i pesti- 
cide to  a lake  for  the  control  of  n nuisance  organism.  The  insecticide 
DDD  was  applied  directly  to  Clear  Lake  in  California  for  gnat  control 
in  1949,  1954,  and  1957  by  pouring  n liquid  concentrate  of  DDD  from 
barges  (3h).  The  resulting  water  concentrations  were  estimated  to  be 
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14  p.p.b.  in  1949,  and  20  p.p.b.  in  1954  and  1957.  It  was  determined 
before  the  applications  that  1)1)1)  at  these  concentrations  was  not 
toxic  to  fish  and  other  aquatic  organisms.  Dead  western  grebes,  how- 
ever, were  found  in  1954, 1955,  and  1957  in  areas  surrounding  the  lake. 
An  analysis  of  the  fatty  tissue  of  the  birds  which  died  in  1957  indi- 
cated that  I>DD  was  present  at  a concentration  of  1600  p.p.m.  Sub- 
sequent I)DD  analyses  were  made  on  members  of  the  fish  populations 
and  it  was  found  that  all  fish  contained  DDD,  and  that  carnivorous 
fish  contained  more  than  plankton-feeding  fish.  It  was  concluded 
from  this  study  that  the  grebe  losses,  occurring  after  the  DDI)  appli- 
cations, were  caused  by  chronic  1)1)1)  poisoning  resulting  from  eating 
DPD'Contaniinated  fish.  Therefore,  studies  prior  to  the  application, 
which  indicated  that  the  1)1)1)  concentrations  used  were  not  toxic  on 
ft  short-term  basis,  did  not  take  into  account  the  biological  concen- 
tration of  the  pesticide  through  the  food  chain. 

Mosquito  control . — Current  mosquito  control  practices  utilize  both 
larvacide  and  adulticidc  techniques.  The  Southern  operations — includ- 
ing the  States  of  Alabama,  Florida,  Georgia,  Louisiana,  Mississippi, 
South  Carolina,  and  Texas — rely  on  light  oils  applied  with  spreading 
agents  in  their  larvuciding  operations.  Aircraft  application  is  used 
for  large  areas  at  the  rate  of  5 gallons  per  acre,  Paris  green  pellets  are 
also  applied  by  some  districts,  and,  again,  sometimes  the  aerial  route 
is  used.  Resistance  is  the  primary  reason  that  organoehlorines  and 
organophosphates  are  not  used. 

The  Southern  operations  also  rely  extensively  upon  engineering  and 
drainage  techniques.  These  are  not  too  amenable  to  Western  activities, 
however,  where  irrigation  is  a prime  cause  of  mosquito  burdens. 
These  areas  have  also  met  with  extensive  resistance  problems  and 
have  gone  through  chemicals  such  as  DDT  and  Abate.  Last  year, 
Dursban  was  utilized  in  large-scale  tests  because  it  appeared  that  this 
chemical  would  be  a more  economical  choice  than  oils  or  Paris  green 
pellets. 

Adulticidiug  operations  utilize  ground  equipment  such  as  the  new 
Leco  ULV  (ultra-low-volume)  and  chemicals  such  as  malathion  and 
Naletl.  Aircraft — fixed-wing  and  helicopters — have  been  used  to  apply 
Baytex,  and  orga  no  phosphate.  ULV  and  fogging  operations  are  often 
conducted  in  populated  areas. 

Municipal  <tnd  industrial  waste  disch urges. — As  with  many  other 
industrial  processes,  the  wastes  of  the  pesticide  manufacturing  and 
formulating  industries  usually  may  not  safely  be  introduced  directly 
into  receiving  ladies  of  water.  The  treatment  required  to  reduce  the 
toxicity  of  the  wastes  to  levels  which  will  not  endanger  aquatic  sys- 
tems varies  with  the  conq>oncnts  of  the  wastes  themselves.  Some  com- 
pounds are  amenable  to  treatment  by  chemical  and  biological  processes 
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while  others  are  more  resistant  to  conventional  treatment.  Settling 
basins  are  often  used  to  allow  time  for  waste  decomposition  and  for 
impoundment  during  periods  of  low  flow.  Solid  and  heavy  liquid 
wastes  may  be  incinerated  effectively,  often  in  combination  with  the 
scrubbing  of  effluent  stack  gasses  for  removal  of  harmful  vapors. 
Adequate  incinerator  operation  is  essential.  The  deep  well  disposal  of 
wastes  may  be  practical  in  some  instances  but,  because  ox  the  risks  in- 
herent in  tins  disposal  technique,  a thorough  evaluation  of  the  geologi* 
cal  characteristics  of  the  area  and  the  nature  of  the  waste  involved  is 
required  in  each  specific  instance  before  this  method  is  employed. 

Water  concentrations. — As  part  of  the  National  Water  Monitoring 
Network,  samples  of  a water-suspended  sediment  mixture  from  11 
streams  in  the  Western  part  of  the  United  States  were  analyzed 
monthly  for  12  different  pesticides  loginning  in  October  1965  {35). 
The  compounds  for  which  analyses  wt.e  made  included  aldrin,  PDD, 
DDE,  DDT,  dieldrin,  endrin,  heptachlor,  lieptachloi*  epoxide  lindane, 
2,4*D,  2,4,5-T  and  silvex.  All  insecticides  were  found  at  one  time  or 
another  but  not  at  all  stations.  The  amounts  observed  were  small, 
ranging  from  less  than  p.p.t.  (parts  per  trillion)  lindane,  to  110  p.p.t. 
DDT.  Insecticide  concentrations  of  5 p.p.t.  or  more  were  found  in 
slightly  more  than  50  percent  of  all  positive  samples.  No  herbicide  was 
found  at  any  time  at  any  station. 

Although  no  definite  seasonal  pattern  could  be  noted  in  pesticide  oc- 
currence, positive  results  were  more  frequently  found  in  February, 
March,  April,  and  May.  Lindane  was  the  most  frequently  found  in- 
secticide and  occurred  in  46  of  the  total  165  positive  results.  The  most 
infrequently  occurring  pesticide  was  aldrin  which  was  observed  only 
four  times  at  all  stations.  The  most  frequent  occurrence  of  pesticides 
was  at  the  Rio  Grande  River  station  below  Anzaldnas  Dam,  Tex., 
where  20  percent  of  the  total  positive  results  were  observed.  The  least 
number  of  positive  results  was  observed  at  the  Snake  and  Columbia 
River  stations  each  of  which  recorded  only  seven  pesticide  occurrences. 
Since  the  amounts  of  pest  icide  applied  in  the  various  areas  could  not  be 
ascertained,  no  relationship  could  1m?  made  between  residues  in  the 
water  and  the  agricultural  use  of  pesticides. 

Studies  of  the  chlorinated  hydrocarbon  pesticide  content  of  sedi- 
ments in  water  from  the  lower  Mississippi  River  and  its  tributaries 
were  conducted  in  1964,  I960,  and  1967  to  determine  the  extent  of 
possible  sources  of  agricultural  pesticides  in  the  streams  of  the  Delta 
{36).  There  were  t wo  areus  of  significant  pesticide  contamination,  one 
in  Memphis,  Tenn.,  and  the  other  in  Mississippi.  Roth  were  in  associa- 
tion with  chlorinated  hydrocarbon  pesticide  manufacturing  plants. 
Pesticide  residues  were  detected  from  both  agricultural  and  nouagri- 
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cultural  areas.  There  was,  however,  no  evidence  of  a general  build  up 
of  chlorinated  hydrocarbons  in  the  sediments  of  these  streams  from  the 
agricultural  use  of  pesticides.  DDT  analogs  and  associated  metabo- 
lites were  found  in  some  of  tbe  tributary  streams  where  no  known  for- 
mulators  were  located.  These  data  indicate  that  the  large  amount  of 
chlorinated  hydrocarbon  pesticides  applied  to  crops  in  the  Mississippi 
River  Delta  have  not  created  widespread  contamination  of  the  water 
and  sediments  in  the  area. 

As  a part  of  a nationwide  program  to  determine  the  levels  of  cholori- 
nated  hydroearlxm  pesticides  in  estuaries,  nine  California  estuaries 
were  sampled  during  1966  and  1967  (37).  Shellfish  were  used  as  sam- 
pling organisms  localise  of  their  ability  to  concentrate  low  pesticide 
levels  in  the  marine  environment.  Among  the  |>esticidcs  found  were 
lindane,  heptaohlor,  nldrin,  heptaehlor  epoxide,  DDT,  dieldrin,  and 
oudrin.  Based  on  the  wet  weight  of  homogenized  oyster,  mussel,  and 
clam  tissue,  DDT,  DDD,  DDK,  dieldrin,  and  endrin  were  found  in 
estuaries  in  concentrations  from  10  to  3,000  p.p.b.  High  levels  of  DDT, 
DDD,  DDE  were  o!>served  from  offshore  exposure,  as  the  king  crab 
contained  2,739  p.p.b.,  and  the  ova  from  a cape  salmon  068  p.p.b.  The 
pesticide  levels  of  shellfish  in  estuaries  receiving  runoff  from  agricul- 
tural and  urban  areas  were  found  to  be  as  high  as  11,000  p.p.b.  The 
pesticide  residues  in  estuaries  geographically  isolated  from  agricultural 
areas  seldom  exceeded  100  p.p.b. 

From  1958  to  1965,  samples  taken  at  more  than  100  stations  in  the 
major  river  basins  of  the  United  States  were  analyzed  by  carbon 
adsorption  for  their  chlorinated  hydrocarbon  content  (38).  Dieldrin, 
endrin, and  DDT  concentrations  as  high  as  0.100  p.p.b.,  0.1 16  p.p.b,,  and 
0.148  p.p.b.,  respectively,  were  found  at  various  sampling  stations. 

The  results  of  this  study  indicate  that  the  most  widely  found  chlori- 
nated hydroearlxm  pesticide  was  dieldrin  which  occuri’ed  most  fre- 
quently in  all  river  basins.  Endrin  was  found  occassionally  in  the  early 
years  of  the  survey  with  increases  in  incidence  occurring  in  1962  and 

1963.  The  maximum  frequency  of  occurrence  of  endrin  was  found  in 

1964,  particularly  in  the  lower  Mississippi  River,  after  which  endrin 
levels  decreased.  DDT  and  its  associated  compounds  were  found  regu- 
larly from  the  beginning  of  the  study  with  a slightly  increasing  trend 
in  evidence. 
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CROP  A1TUC  ATtoN 

Tliere  is  a tendency  toward  tlie  overuse  of  jicstiuides  l>ot li  in  agri* 
cultural  as  well  os  in  domestic  activities.  In  larjre -wale  operations  tlie 


131 


dusting  or  spraying  operation  is  frequently  conducted  with  the  avowed 
purpose  of  serving  as  n prevention  of  blight  or  insect  infestation  in 
ordc»*  to  assure  against  potential  loss.  In  some  cases  an  assessment  of 
the  actual  existing  infestation  or  evidence  to  indicate  the  exact  dosage 
required  would  lead  to  considerably  smaller  amounts  of  pesticides 
!>eing  used. 

Kxcessive  household  use  of  i>ostici(Ies  occurs  because  of  the  complete 
lack  of  a scientific  approach  to  their  employment.  In  oases  where  large 
scale  applications  are  made  by  plane,  commercial  spraying  or  fogging 
equipment,  attention  must  be  given  to  problems  of  drift  associated 
with  wind  and  air  currents.  Depending  ti|Km  the  degree  of  in festat ion 
and  the  nature  of  the  meteorological  conditions,  occasions  have  arisen 
where  the  felt  need  for  pesticide  application  did  not  allow  the  j>o$t- 
ponement  of  the  spraying  o|>cration  until  more  favorable  meteorolog- 
ical conditions  existed.  In  such  cases,  drift  has  Ix-on  experienced  to  a 
distance  ns  great  as  100  miles. 

Systemic  versus  surface-type  pesticides, — Some  research  lias  been 
conducted  on  plant  systemic  pesticides  which  allow  the  pesticide  to  l>e 
picked  up  by  the  roots  of  the  plant  and  carried  through  I he  plant 
system.  To  (late,  while  some  applications  of  this  type  have  been  suc- 
cessful, the  overall  prosi>octs  for  wide-scale  adoption  do  not  ap|>car 
to  bo  very  promising.  In  addition  to  the  potential  of  reducing  the 
wasto  of  the  more  conventional  tyj>es  of  application  such  an  approach 
would  increase  contamination  of  the  soil.  Questions  have  also  been 
raised  in  reg.inl  to  the  use  of  plant  systemic  j>esticides  in  relation  to 
the  |Kissihility  of  the  contamination  of  the  fruit  and  plant  which 
are  subsequent  ly  used  for  human  or  animal  feed. 

Pesticide*  ftx>m  soil  to  ptoHf*,—C\,o\*s  may  absorb  jicsth'ides  from 
soil  previously  treated.  In  areas  where  short-term  crops  are  raised, 
such  as  in  truck  farming  where  the  crops  have  relatively  short  grow- 
ing (>eriods  and  where  rei^ated  applications  of  j>csticides  may  l>e  used 
for  each  crop,  there  is  evidence  that  a considerable  amount  of  |>esti- 
cide  residue  remains  in  the  soil  and  is  picked  up  by  the  plant  and 
dejtosited  in  varying  amounts  in  the  food  product. 

For  example,  Lichtenstein  rf  cK  it)  found  that  cucumlwrs  grown 
on  soil  treated  once  a year  for  5 years  with  aldrin,  dieldrin,  and  hep- 
tachlor  at  the  rate  of  5 |>ouii(ls  )>er  inch-acre  contained  tip  to  0.011, 
ti.102,  and  0 .*2-1  p.p.m.,  resja**  lively.  Similar  residues  were  found  in 
l>oth  the  upper  and  lower  halves  of  the  riirmnliers.  The  |#»sticido 
icsidues  had  ))cnetratcd  t lie  root  system  and  welt*  translocated  to  the 
fruit.  In  the  same  study,  it  was  found  that  alfalfa  grown  on  soil  con- 
taining 0.5  p.p.m.  |>er  inch-acre  of  aldrin  or  heptacldor  would  contain 
approximately  0.005  p.p.m.  of  aldrin  and  dieldrin  or  0.015  p.p.m.  of 
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heptachlor  nnd  heptachlor  epoxide.  Similarly,  Wood  ct  ah  (2)  found 
that  alfalfa  grown  on  fields  treated  4 and  5 years  earlier  with  dieldrin 
at  5 pounds/acre  contained  as  much  as  0.03-0.04  p.p.m.  dieldrin.  The 
residues  of  corn  grown  on  the  same  fields  did  not  differ  greatly  from 
those  of  the  alfalfa. 

Hruco  ct  ah  (3)  studied  the  relationship  between  the  pesticide  resi- 
dues in  several  crop  seeds,  the  soil  concentration  and  fat  content  of 
the  seeds.  Tlieiv  results  are  as  follows : 


seed 

Soil  residue 
pp.m. 

Seed  residue 
p.p.m. 

Heptachlor  and  heptachlor  epoxfdo. 

Corn 

0.  5-4. 

0 

0.  002-0.  01 

Bariev 

0.  5-4. 

0 

0.  002-0.  02 

Oat* 

0.  5-4. 

0 

0.  008-0.  08 

Aldun  and  dieldrin 

Corn 

a 35-a 

5 

0.  002-0.  Ov.8 

Barley 

0.  35-a 

5 

0.  006-0.  01.5 

Oats 

0.  35-3. 

5 

0.  007-0.  08 

Seeds  with  high  fat  content  such  as  soybeans  and  peanuts  contained 
greater  pesticide  residues  than  did  seeds  of  lower  fat  content, 

Nash  (.})  grew  wheat  in  soils  treated  with  DDT  and  dieldrin  at 
0.5,2  and  10  p.p.m,  Dieldrin  residues  in  the  wheat  seedlings  increased 
in  direct  projKirtioi*  to  the  soil  application  rate.  DDT  residues  also 
occurred  in  the  seedlings  but  to  a lesser  extent,  After  3 weeks,  dieldrin 
seedling  residues  were  approximately  18  percent  of  the  soil  concen- 
tration and  DDT  residues  approximately  3 to  10  percent.  The  transfer 
of  pesticides  contained  in  n soil  to  crops  via  the  root  system  can  there- 
fore be  a significant  source  of  food  contamination. 

Metabolism  of  jKtficidc*  by  the  plant . — Studies  of  the  ability  of 
plants  to  metabolize  j>osticidcs  which  have  been  applied  cither  to  the 
surface  of  the  plants  or  which  may  be  found  in  the  soil  have  indicated 
that  in  sonic  cases  this  process  cau  serve  as  a means  of  reducing  the  per- 
sistence of  the  pesticides.  For  example,  the  destructive  hydrolysis  of 
organophosphate  insecticides  on  plant  surfaces  and  within  plant 
cells  (os)*cially  for  systemic  insecticides)  allow  such  strong  pestb 
cides  as  TEPP,  Phosdrin  and  Mevinphos  to  be  used  safely  on  edible 
fruits  and  vegetables  within  a day  or  two  of  harvest,  Persistent  chlo- 
rinated hydrocarbon  insecticides,  on  the  other  hand,  do  not  undergo 
ilegradative  react  ions  in  such  short  time  periods. 

In  other  cases,  however,  more  harmful  and/or  persistent  compounds 
may  1*  reduced  by  metallic  processes.  It  is  well  known  that  within 
plant  colls  aldrin  may  1*  converted  to  epoxide  dieldrin  and  hej»ta- 
rhlor  to  heptachlor  epoxide.  Hie  vapor  pressure  of  the  epoxide  com* 
pounds  arc  lower  than  that  of  the  parent  chemicals  with  the  result 


that  the  half-life  values  of  the  ]>cst icicles  increase  from  about  1 day  to 
7-8  days. 

The  effect  of  plant  chamcterhtica  on  residue, — A number  of  plant 
characteristics  require  additional  application  of  pesticides  at  various 
stapes  of  production.  These,  include  growth  rate  of  the  plant,  foliage 
density,  sliai>e  of  the  plant,  surface  characteristics  of  the  leaves,  stems 
and  branches,  problems  of  the  enzyme  systems  of  the  plant,  and  the 
metabolic  rates  of  the  plant.  The  amount  of  residue  which  actually 
conies  in  contact  with  the  plant  and  remains  effective  depends  to  a 
great  extent  on  all  of  these  factors. 

Time  factor.— The  pesticide  residue  carried  to  human  food  may 
depend  on  the  period  of  time  lietwoon  the  application  of  the  pesticide 
to  the  crop  and  the  harvest  and  processing  of  the  crop.  The  intensity 
of  the  application,  growth,  dilution,  and  degradability  are  coupled 
with  the  time  and  method  of  processing.  All  of  these  factors  must  l>e 
considered  in  the  assessment  of  the  amount  of  pesticide  which  reaches 
the  ultimate  consumer. 

Mann  and  Chopra  (£),  for  example,  found  that  carbaryl  residues  on 
cabbage  and  eggplants  decreased  exponentially  from  the  day  of  appli- 
cation. Their  results,  after  spraying  the  plants  at  three  different  rates 
every  3 three  weeks  for  0 weeks,  are  as  follows : 
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The  rate  constant  was  0.17-0.28  per  day  for  both  vegetables  and  the 
half-life  values  for  cabbage  and  eggplant  were  3 and  3.2  days  respec- 
tively. These  results  indicate  that  ample  lime  must  l>e  allowed  for 
pesticide  die  off  l>efore  processing,  even  though  carbaryl  and  other 
|resticides  do  exhibit  a rapid  residue  loss  rate.  It  is  therefore  important 
that  the  rate  of  residue  loss  is  known  bv  the  farmer  and  food  processor, 
in  order  that  pesticide  application  and  crop  harvesting  and  processing 
may  lie  coordinated.  These  results  also  indicate  the  process  of  pesti- 
cide dissipation  may  be  speeded  tip  by  such  procedures  as  washing. 
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The  vsc  of  the  crop . — The  route  of  pesticides  to  man  may  depend 
upon  (lie  use  of  the  crop  in  question.  For  fiber  products,  the  residue 
on  the  crop  may  cause  less  concern,  except  in  crises  of  those  persistent 
pesticides  which  may  cause  dermatitis  or  which  are  toxic  by  skin 
absorption. 

Some  food  products  which  are  subjected  to  a series  of  pesticide 
applications  are  consumed  by  Hie  public  without  extensive  processing. 
In  other  case.',  the  processing  of  the  food  may  remove  a |>ortion  of  the 
pesticide  residue  while  in  other  cases  the  food  processing  method  may 
serve  to  concentrate  and  accentuate  the  pesticide  problem  in  the 
food  product. 

Surveys  of  food  in  the  markets  of  the  nation  indicate  varying 
amounts  of  |>esticidc  residues  in  many  commercial  foods.  The  total 
dietary  exposure  varies  from  one  part  of  the  country  to  the  other 
and  de|>ends  upon  the  dietary  habits  of  the  individual  or  family. 
Few,  if  any,  foods  are  completely  free  from  sonic  degree  of  pesticide 
residue. 

The  dietary  intake  for  j>esticidc  chemical  in  the  United  States  from 
June  I960  to  April  19G8,  is  reported  by  Duggan  and  Lipscomb  (6). 
The  market  diet  studied  was  that  of  1C-  to  19-year-old  males,  a group 
that  consumes  groater  quantities  and  kinds  of  food  than  any  other. 
The  study  was  conducted  in  five  geographical  regions  of  the  United 
States  and  the  foods  were  prepared  for  consumption  before  analysis. 

During  the  period  from  June  1900  through  April  1967  (referred 
to  ns  the  19G7  |>criod),  residues  of  15  chlorinated  hydrocarbons,  C 
orgaiioplmspbates,  4 herbicides,  and  2 carbamates  were  detected.  Simi- 
larly, between  Juno  19G7  and  April  1008  (designated  as  the  1968  study 
l>eriod),  residues  of  18  chlorinated  hydrocarbon  chemicals,  8 organo* 
phosphates, 5 herbicides, and  1 carbamate  were  found. 

The  following  table  reports  the  daily  intake  and  |>ercciitage  of  total 
daily  dietary  intake  of  each  of  the  four  organic  pesticide  classes. 
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Chlorinated  hydrocarffoti  jK*?icidr*. — The  high  pro]x>rtion  of 
chlorinated  hydrocarbon  residues  in  the  diet  is  cxjieeted  because  of 
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tlieir  greater  persistence  and  wide  use.  The  daiiy  intake  of  chlorinated 
hydrocarbons  has  been  relatively  consistent  since  1964.  DDT  and  its 
analogs  comprised  approximately  two-thirds  of  the  chlorinated  hydro- 
carbon residues  found  during  the  1967  and  1968  periods.  DDT  alone 
accounted  for  approximately  one-fourth  of  the  total  intake  of  chlori- 
nated hydrocarbons,  The  major  sources  of  the  chlorinated  hydrocar- 
bons were  those  food  classes  representing  products  of  animal  origin, 
namely,  “dairy  products  and  meat,  fish  and  poultry/'  These  foods  were 
the  source  of  approximately  one-half  of  the  total  intake  of  chlori- 
nated hydrocarbon  residues.  In  view  of  the  fact  that  these  products 
received  little  direct  application  of  pesticide  chemicals,  their  presence 
must  be  due  to  indirect  and  environmental  sources.  Grain,  fruits, 
and  garden  fruits  combined  to  account  for  about  40  percent  of  this  class 
of  pesticides.  The  dietary  intake  from  the  remaining  seven  food  classes 
studied:  Potatoes;  leafy  vegetables;  legume  vegetables;  root  vege- 
tables; oils,  fats,  and  shortening;  sugars  and  adjuncts;  and  beverages, 
accounted  for  about  10  percent  of  the  chlorinated  hydrocarbon 
residues, 

Dieldrin,  lindane  and  heptachlor  followed  DDT  and  its  analogs  in 
magnitude  of  dietary  intake.  The  incidence  and  amounts  of  other 
chlorinated  hydrocarbons  detected  in  the  study  were  too  low  to  be  of 
any  dietary  significance. 

Organophosphatc  insecticide*. — Approximately  one-third  of  the 
organophosphate  insecticides  were  found  in  grains  and  cereals.  Mala* 
thion  accounted  for  80  percent  of  the  calculated  daily  intake  of  organ* 
ophosphates,  The  average  daily  intake  for  this  2-year  period  was  0.009 
mg./day.Thc  incidence  and  intake  of  the  remaining  seven  organophos- 
phorous insecticides  detected  were  too  low  to  l>o  considered  as  regular 
components  of  the  diet. 

Herbicide*. — About  50  |>ercent  of  the  herbicide  residues  detected 
during  the  1967  and  1068  |>eriods  were  in  foods  of  animal  origin,  that 
is,  dairy  products  and  meat,  fish  and  |xndtrv.  This  is  again  idieativc 
of  environmental  contamination  since  herbicides  arc  not  used  directly 
on  these  products.  The  two  most  frequently  found  herbicides  were 
2,4  *D  and  POP. 

Carbamate  insecticide*. — The  incidence  and  amounts  of  carbamates 
were  very  low  in  both  study  periods.  The  insecticide  carbaryl  was  found 
in  four  composite  samples  in  1907  but  was  not  found  at  all  in  1908. 
For  1967  its  calculated  daily  intake  was  0.000  ing./day.  This  gtoup  of 
chemicals  did  not  occur  at  sufficiently  high  levels  of  frequencies  to  l>e 
considered  ns  contributors  to  the  daily  intake  of  pesticide  chemicals, 

Dithiocarhamate  i residues  were  found  in  a few  samples  in  both  study 
periods,  Evidently  this  class  of  insecticide  decomposes  sufficiently  dur* 


ing  harvesting  and  processing  so  that  it  is  not  regularly  found  in 
ready-to-eat  food. 

Inorganic  residues. — Inorganic  bromides  were  found  in  approxi- 
mately SO  percent  of  all  samples  examined  during  the  1967  and  196S 
periods.  Hrouiide  residues  weie  found  in  all  food  classes,  but  the  highest 
residues  were  found  in  the  grain  and  cereal  class.  The  average  daily  in- 
take for  the  2-year  study  period  was  approximately  24  mg. 

Arsenic  residues  were  detected  in  10  percent  of  the  composite  samples 
examined  in  1967  and  in  18  percent  of  the  samples  analyzed  in  1968. 
The  daily  intake  of  arsenic,  calculated  as  As20Zy  was  0.33  mg.  for  19r  7 
and  0.137  mg.  for  1968. 

When  the  dietary  intake,  of  pesticide  chemicals  is  compared  with  the 
acceptable  daily  intake  proposed  by  the  Fo<xl  and  Agricultural  Or- 
ganization of  the  United  Nations  and  the  World  Health  Organization 
Expert  Committee  on  Pesticide  Residues,  it  is  found  thai  no  acceptable 
daily  intake  value  was  exceeded  by  food  residues  during  t he  1965—1068 
period.  The  daily  dietary  intake  for  practically  nil  pesticides  was  at 
least  one  order  of  magnitude  (1/10)  or  more  l>elow  flint  considered 
safe  by  the  FAO-WIIO  reports.  The  average  combined  level  of  aMrin 
and  dicldrin,  however,  was  approximately  equal  to  the  acceptable 
daily  intake  values.  This  is  significant  because,  except  for  DDT  and  its 
analogs,  dieldrin  is  the  pesticide  most  frequently  found  in  food.  The 
following  table  compares  the  FAO-WIIO  acceptable  daily  intake 
values  with  the  dietary  intake  of  several  pesticides  during  the  1965- 
1968  period. 
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In  summary,  tlie  kinds  frequency  and  levels  of  chtorinated  hydro- 
carbon pesticides  found  in  Ihe  total  diet  samples  during  196*  and 
1968  do  not  differ  significantly  from  lliose  found  from  1004  and  1066. 
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Chlorinated  hydrocarbon  residues  were  commonly  found  in  all  diet 
samples  and  in  all  food  classes  except  beverages.  The  incidence  of 
oiganophosphoriis  pesticides  increased  during  the  4-year  stndv  |)eriod. 
Ma  lath  ion  was  the  major  contributor  of  this  group  to  dietary  intake. 
The  incidence  and  levels  of  herbicides  have  remained  low  throughout 
the  4-year  study.  Xo  herbicide  residues  were  found  in  legume  and 
root  vegetables  and  garden  fruits.  The  incidence  of  carbaryl  and 
carbamate  chemicals  were  too  low  for  these  pesticides  to  bo  consid- 
ered as  regular  constituents  of  the  diet. 

Foods  of  animal  origin  were  the  main  source  of  chlorinated  hydro- 
carbon residues  in  the  diet.  These  foods  comprised  about  one-fourth 
of  the  diet  used  in  the  study.  These  foods  were  the  source  of  about 
one-lialf  of  the  intake  of  total  chlorinated  hydrocarlxm  residues  and 
DDT  compounds  and  were  the  source  of  even  a greater  proportion  of 
heptachlor  epoxide,  BHO  and  dieldrin.  Since  the  residue  levels  of 
aldrin  and  dieldrin  are  about  the  same  as  the  acceptable  levels  of  these 
compounds,  it  is  possible  that  the  acceptable  daily  intake  may  be  ex- 
ceeded under  certain  dietary  patterns.  Reductions  in  residue  levels 
in  foods  of  animal  intake  would  be  the  most  effective  means  of  re- 
ducing the  dietary  intake  of  pesticides,  particularly  the  more  toxic 
pesticides. 

The  exiKisure  of  the  general  population,  therefore  the  impact  of 
pesticides  on  the  health  of  man,  is  much  greater  tlirongli  the  food 
route  than  either  air  or  water.  Although  “market  basket**  studies  indi- 
cate that  the  exposure  of  the  imputation  to  pesticides  tlirongli  food 
over  the  last  few  years  lias  generally  not  increased,  present  levels  of 
intake,  particularly  for  aldrin  and  dieldrin,  may  Ik*  some  cause  for 
concern.  At  any  rate,  so  far  as  the  health  of  the  general  imputation 
is  concerned,  the  greatest  emphasis  in  pesticide  control  should  be  on 
reducing  the  concentration  in  foods.  Methods  for  such  reduction  are 
availabloand  are  being  applied  on  an  increasing  scale. 

Animal  feed . — Market  basket  surveys  indicate  that  foods  of  animal 
origin  contain  relatively  high  levels  of  pesticide  residues.  As  meat  and 
dairy  products  a re  not  directly  treated  with  pesticides,  the  consumption 
of  contaminated  feed  is  probably  responsible  for  the  subsequent  build- 
up of  pesticides  in  animal  tissues.  The  wide  \ arietv  of  comi>onentssuch 
as  fish,  soybeans,  and  cottonseed  contained  in  animal  feed  increases  the 
potential  contamination  of  the  feed  by  pesticides. 

The  length  of  time  that  the  residues  remain  at  high  levels  in  animal 

tissue  varies  with  the  pesticide  and  the  concent  rat  ions  consumed.  Often 

the  tissue  residues  decrease  after  the  cAttlc  stop  eating  contaminated 

feed.  If  the  cattle  were  killed  and  prepared  for  human  consumption 

whilo  still  eating  contaminated  feed  or  immediately  after  they  had 
\ * * 

I m 

o 


stopped  eating  such  feed,  however,  significant  residuo  levels  in  the  meat 
might  be  found  if  they  were,  originally  high.  The  build-up  of  pesticide 
residues  in  cattle  tissue  was  studied  by  Rusoff  etal  ( 7 ) who  measured 
the  residues  of  heptaclilor  epoxide  in  the  fatty  tissue  of  cattle  which 
grazed  on  pasture  treated  with  0,25  lbs./acro  heptaclilor.  The  cattle 
were  allowed  to  begin  grazing  on  the  field  at  intervals  of  1,  8,  15,  29, 
and  43  days  following  the  application  of  the  pesticide.  The  cattle 
which  began  grazing  1 day  after  treatment  contained  2.5  p.p.m.  hep- 
tachlor  epoxido  in  the  fat.  No  pesticide  was  found  in  the  cow  which 
began  grazing  43  days  after  treatment  indicating  that  the  pesticide 
level  in  the  forage  had  declined.  The  fatty  tissue  l’esidues  decreased 
with  increased  elapsed  time  before  grazing  lx'gan.  Several  cows  were 
allowed  to  begin  grazing  on  a field  during  an  application  of  0.25  ll>s.y 
acre  heptaclilor.  The  average  fat  content  in  these  cows  was  found  to 
contain  3.45  p.p.m.  heptaclilor  epoxide  after  29-30  days.  The  concen- 
tration decreased  with  increasing  time  from  the  application.  Less  than 
1 p.p.b.  heptaclilor  epoxide  residue  was  found  in  the  raw  and  cooked 
meat  of  cattle  which  had  grazed  for  125  days.  This  study  indicates 
that  although  pesticide  residues  do  build  up  in  tissues  as  a result  of 
eating  contaminated  feed,  tlu  residues  are  reduced  after  such  feeding 
is  terminated. 

Claborn  et  a?.<  ($)  found  that  after  feeding  toxaphcnc  to  cattle 
over  an  8«week  period  at  rates  of  60, 100,  and  140  p.p.m.,  fat  residues 
were  8.4, 14.3,  and  24.3  p.p.b,  respectively,  Claborn  ci  of,  (5)  also  found 
that  no  residues  of  Sevin  were  found  in  the  tissues  of  cattle,  sheep, 
goats,  and  hogs  after  they  had  been  sprayed  four  times  in  2 weeks 
with  a 1 percent  suspension.  One  goat  contained  Sevin  in  the  fat 
of  the  brain.  The  tissues  of  Hereford  steers  fed  50  and  20  p.p.m.  Sevin 
for  2T  days  also  contained  no  residue. 

The  excretion  of  pesticides  in  milk  after  cattle  have  consumed  for- 
age previously  treated  with  pesticides  can  also  be  a problem.  Cows 
fed  DDT  in  their  diet  at  rate  of  0.5, 1.0,  2.0,  3.0,  and  5.0  p.p.m.  DDT 
in  alfalfa  exhibited  DDT  in  their  milk  at  all  feeding  levels  except 
0.5  p.p.m.  (10),  At  1 p.p.m.,  residues  of  0.01  to  0.03  p.p.m.  were 
consistently  present  in  the  mdk  after  19  days*  As  the  DDT  feed  levels 
increased,  the  DDT  contamination  in  milk  increased.  At  s feeding 
rate  of  5 p.p.m,  DDT,  significant  DDT  levels  appeared  in  the  milk 
from  a Guernsey  cow.  The  milk  concentration  during  the  feeding 
l^eriod  ranged  from  0,16  to  0,32  p.p.m.  Cows  were  also  fed  toxaphene 
at  rates  of  2.5, 5,  10, 15,  and  20  p.p.m.  for  77  days  (//).  The  milk  con- 
centrations increased  with  the  amounts  in  the  food.  The  residue  levels 
in  the  milk  plateaued  after  the  28th  day  except  for  the  2.5  p.p.m. 
level  at  which  a plateau  was  reached  after  the  9th  day.  Plateau  levels 


ill  the  milk  at  the  2.5,  5,  10,  15,  and  20  p.p.m.  toxaphene  feeding  level 
were  0.043,  0.076,  0.100,  0.173,  and  0.179  p.p.m.  respectively.  A rapid 
decline  in  pesticide  milk  residues  was  observed  after  the  feeding  of 
toxnphene  was  terminated  and,  14  days  after  the  termination,  almost 
all  the  cows  produced  milk  with  nondetectablc  amounts  of  toxaplieno. 
Thus  it  appears  that  milk  residues  ns  well  as  tissue  residues  decrease 
after  termination  of  the  feeding  on  contaminated  forage.  Not  all  pesti- 
cides produce  residues  in  milk.  LoefHer  ct  at.,  (12)  found  that  Gutliioii 
did  not  produce  detectable  residues  in  milk  at  feeding  levels  of  4.2  to 
33.3  p.p.m.  Guthion  metabolites  were  detected,  however,  but  disap- 
l>enred  within  3 days  after  treatment  was  discontinued. 

The  spraying  of  cattle  with  insecticides  for  insect  control  may  pro- 
duce milk  and  tissue  residues.  Clnbom  ct  ah.  (5)  sprayed  cows  with 
toxaphene  and  strobanc  in  a 0.6*percent  emulsion,  a 0.5-]>ercent  sus- 
pension, and  a 2-percent  oil  spray.  These  concentrations  are  entomo- 
logical ly  effective.  The  emulsion  and  suspension  were  used  twice  at  3- 
week  intervals  and  the  oil  spray  twice  daily  for  21  days.  The  maxi- 
mum residues  in  milk  (0.61-0.71  p.p.m.)  occurred  1 or  2 days  after 
the  first  spraying  with  the  emulsion  ind  suspension  and  then  decreased 
to  low  values  at  21  days  (0.05-0,12  p.p.m.).  There  was  no  significant 
difference  in  residue  levels  between  the  two  formulations  or  two  insec- 
ticides. The  residues  of  l>otli  toxnphene  mid  strobanc  leached  the 
maximum  (0.28-0.41  p.p.m.)  about  the  third  day  of  oil  spraying  then 
remained  at  approximately  the  same  level  for  18  days.  Since  no  resi- 
dnes  are  (>ermitted  in  milk,  these  insecticides  are  not  recommended 
for  use  in  the  control  of  cattle  insects.  Thus,  animals  which  aiv  fed 
on  feeds  containing  i>esticidc  residues  or  which  are  sprayed  with 
l>csticidc  for  insert  control  may  serve  as  an  additional  source  of 
jresticidos  to  the  consuming  public. 

Moubry  ct  ah.  (M)  studied  the  decline  of  chlorinated  hydrocarbon 
jiesticides  in  the  milk  of  cows.  After  pesticide  residues  were  detected 
in  the  milk  of  several  herds,  all  efforts  were  made  to  remove  the  cows 
from  cxjxisnre  to  jiest  icicles  by  removing  the  cows  from  contaminated 
food  and/or  dermal  spraying  for  insect  control.  After  removal  fititn 
the  i>esticide  sources  the  residues  eventually  declined  to  a (joint  below 
actionable  levels.  Dieldrin  had  the  longest  retention  time  in  milk,  ap- 
proximately 100  days.  DDT  and  its  analogs,  DUG, lindane,  endrin,nml 
mcthoxychlor  follow  in  that  order.  The  amount  of  DDT,  DDD,  DDK 
residues  in  milk  varied  in  relation  to  each  other  deluding  ii|>oii 
whether  the  animal  exjx>sure  was  by  ingestion  or  dermal  application. 
This  knowledge  is  useful  when  determining  the  source  of  pesticide 
exposure. 
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Direct  exposure. — Various  foods  receive  a direct  exposure  to  pest i- 
cidcs  during  tho  growing  season  and,  deluding  upon  t tie  methods  of 
processing,  may  contribute  considerable  pesticide  to  the  diet  of  the 
food  customer.  The  problem  to  the  consumer  in  this  situation  depends 
upon  the  degradability  of  the  pesticide,  the  time  factor  between  the 
application  and  the  final  processing,  the  time  factor  in  shipping  and 
the  amount  of  pesticide  applied.  The  degree  of  penetration  of  the  pesti- 
cide into  the  food  material  is  also  of  concern  with  certain  types  of 
food. 

Koivistoinen  et  ah  (H)  studied  the  fate  of  mnlathion  residues  from 
post-harvest  treatments  during  food  processing  of  gooseberries,  plums, 
tomatoes,  apples,  and  stringbeans.  The  approximate  residue  reduction 
produced  by  the  various  processing  techniques  were:  Cunning,  50  per- 
cent or  more;  processes  with  a cooking  period  of  15  to  20  minutes,  30 
to  50  ]>erccnt ; juice  making  by  pressing  or  steaming,  70  to  90  percent ; 
drying  at  75°  C.  for  1 to  2 drys,  90  to  100  percent ; and  freezing,  40  to 
50  percent.  Losses  of  from  0 to  79  percent  were  obtained  by  washing 
the  fruits  in  running  water  for  1 minute.  Virtually  nomalathion  was 
lost  when  tho  processed  materials  were  stored  at  4°  C.  for  up  to  8 
months. 

Tho  removal  of  DDT,  inalathion,  and  carbarvl  from  tomatoes  by 
commercial  and  home  preparative  methods  was  studied  by  Farrow 
d al.%  (16).  Commercial  canning  and  juicing  operations  removal  piac- 
ticallv  all  DDT,  inalathion,  and  carlxaryl  residues.  All  but  trace 
amounts  of  DDT  and  inalathion  were  removed  by  the  home  canning 
of  whole  tomatoes  and  tomato  juice.  Approximately  9*2  percent  of  flic 
carbarvl  residue  was  removed  by  canning  whole  tomatoes  and  7 7 per- 
cent removed  by  the  home  canning  of  tomato  juice.  Home  preparation 
removed  approximately  85  percent  of  the  DDT  residue,  96  |iercenf  of 
the  inalathion  and  G9  i>ercent  of  the  carbaryl  residue.  Raw,  unwashed 
fruit  stored  at  55°  F.  exhibited  no  significant  decrease  in  DDT  or 
carbaryl.  Malathiou  residues,  however,  decreased  by  approximately 
30  percent  during  a 7-day  storage  |>eriod. 

The  effect  of  commercial  and  home  preparation  on  DDT  its i dues  in 
l>otatoes  grown  on  soil  treated  by  from  19.1  to  23.2  lbs,/acre  DDT  was 
investigated  by  Lamb  r t <j/..  (1G)<  Commercial  washing  o^rations  re- 
moved approximately  20  percent  of  the  total  DDT  residue  from  po- 
tatoes whereas  lye  ]>celing  plus  washing  removed  almut  94  j>ercent. 
Following  washing,  commercial  processing  further  reduced  the  resi- 
due to  insignificant  levels.  Peeling  removed  more  than  91  ]>erccnt  of 
the  residue  during  home  preparative  procedures.  No  significant  loss 
of  DDT  residue  was  exhibited  by  potatoes  stored  at  45°  F«  for  a period 
of  6 weeks. 


Gunther  ct  ah%  (17)  found  that  the  half-life  values  for  Guthion 
under  dry  field  conditions  was  30  to  38  days  for  lemons  and  340  to  400 
days  for  oranges.  Rainfall  or  washing  markedly  decreased  the  Guthion 
residues.  Guthion  is  largely  nonpenetrating,  therefore,  and  relatively 
persistent  on  these  fruits,  but  may  be  removed  easily. 
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Soil  Contami nation 

The  fall-out  of  pesticides  following  sprayed  applications  in  the  di- 
rect treatment  of  soil  has  led  to  a build-up  in  the  soil  of  various 
amounts  of  pesticides.  Soil  residues  may,  therefore,  be  a cause  for  con- 
cern since  they  may  reach  man  by  a number  of  routes:  uptake  from 
soil  by  consumable  crops;  leaching  into  water  supplies;  volatilization 
into  the  air : and  by  direct  contact  with  the  soil,  The  magnitude  of  the 
problem  is  directly  related  to  the  amount  supplied  to  the  soil  and  the 
rates  of  pest  icide  degradation  in  the  soil.  The  problem  can  be  minimized 
by  reducing  the  amounts  of  pesticides  reaching  the  soil  by  more  effec- 
tive application  procedures,  by  using  pesticides  that  have  a low  per- 
sistence so  that  once  they  reach  the  soil  they  remain  only  for  short 
periods  or  by  the  use  of  pesticides  of  relatively  low  toxicity. 

In  order  to  reduce  the  hazards  of  soil  contamination,  it  is  necessary 
to  understand  and  utilize  the  mechanisms  which  affect  pesticides  per- 
sistence in  soil  so  that  for  any  given  application  the  correct  parameters 
may  be  measured  and  evaluated.  The  factors  which  must  be  considered 
include:  (1)  Pesticide  type  and  formulation;  (2)  pest  icide  adsorption; 
(3)  soil  type;  (4)  soil  moisture  and  temperature;  (5)  uptake  by 
plants;  (6)  leaching  of  pesticides  from  soil  by  water;  and  (7)  wind 
erosion. 

Pesticide  type  and  formulation . — The  persistence  of  a pesticide  is 
related  to  all  of  the  factors  enumerated  above  as  there  are  many  bio- 
logical, chemical  and  physical  mechanisms  of  pesticide  removal  from 
soil,  each  acting  differently  depending  on  the  chemical  structure  of 
the  pesticide.  For  example,  chlorinated  hydrocarbon  compounds  are 
less  amenable  to  bacterial  breakdown  than  are  the  orga nophosphates. 

The  formulation  and  application  method  used  may  influence  a pesti- 
cide’s longevity  in  soil.  Lichtenstein  (7),  for  example,  found  that 
aldrin  residues  on  the  soil  surface  decreased  more  rapidly  than  resi- 
dues beneath  the  surface,  no  doubt  because  of  a greater  exposure  of  the 
chemical  and  physical  effects  of  weathering.  It  was  also  found  that 
granular  applications  of  Guthion  were  more  persistent  than  emulsions. 

Pesticide  adsorption  and  soil  type , — The  phenomenon  of  pesticide 
adsorption  is  intimately  related  to  the  particular  pesticide  in  question 

143 


371-074  O — CO 11 


and  tho  type  of  soil  in  which  it  is  found.  The  nature  of  the  colloidal 
soil  particles,  whether  they  are  high  in  oiganic  content  or  are  of  clay 
or  sandy  composition,  affects  adsorption.  The  solubility  of  the  pesti- 
cide and  the  pH  of  the  soil  also  affect  soil  adsorption.  Some  pesticides 
are  absorbed  more  rapidly  under  moist  conditions  and  some  under  dry. 
Most  pesticides  are  adsorbed  to  a greater  extent  at  cool  temperatures 
than  under  high  temperature  conditions  but  not  all.  In  short,  there 
are  few  general  statements  about  adsorption  that  can  be  made  con- 
cerning all  pesticides.  Each  compound  reacts  to  the  influencing  fac- 
tors in  an  individual  manner. 

Soil  moisture  arvd  temperature. — In  addition  to  affecting  adsorption 
rates  of  pesticides  on  soil  particles,  the  moisture  and  temperature  of 
the  soil  may  also  affect  microbial  activity.  High  moisture  content  en- 
hances the  degradative  process  of  hydrolysis  by  microorganisms.  Tem- 
perature also  affects  the  biological  breakdown  of  pesticides,  the  solu- 
bility of  the  pesticides,  and  the  amount  of  volatilization  which  occurs. 

Uptake  by  plants. — Some  pesticides  are  translocated  from  the  soil 
into  plants  or  crops.  Lichenstein  (2)  found  that  potatoes,  radishes, 
and  carrots  grown  on  a loam  soil  treated  with  aldrin  at  1 lb.  per  acre 
contained  0,  0,03,  and  0.05  p.p.m.  respectively.  Heptachlor -treated 
soils  yielded  greater  crop  residues  than  did  those  treated  with  aldrin. 
Thus,  this  mechanism  constitutes  a potential  exposure  hazard  for  man 
since  edible  crops  will  take  up  pesticides  from  the  soil. 

Leaching  of  pesticides  from  soil  by  water. — Pesticides  held  in  the 
soil  may  be  carried  by  water  with  possible  subsequent  contamination 
of  water  courses,  water  supplies,  and  groundwater.  Run-off  after 
either  rainfall  or  irrigation  may  physically  transport  particles  to 
which  pesticides  adhere  or  the  water  may  leach  the  pesticide  from  the 
soil  particles.  Water  was  percolated  through  soils  treated  with  1 p.p.m. 
( = 2 lbs.  per  6-inch  acre)  aldrin  or  parathion  (5).  A parathion  con- 
centration of  0.013  p.p.m.  was  found  in  the  w ater  percolated  through 
the  soil.  This  concentration  decreased  with  time  until  water  percolated 
through  the  soil  17  days  after  treatment  contained  only  0.001  p.p.m. 
No  measurable  amounts  of  aldrin  were  detected  in  water  percolated 
through  aldrin-treated  soil  during  the  same  time  period.  The  contami- 
nation of  wrater  by  pesticide  soil  residues  was  in  general  a function 
of  tho  water  solubility  of  the  particular  insecticide. 

Nicholson,  et  al.  (4)  studied  a pond  in  a 40-acre  watershed  which 
contained  various  crops.  Parathion  was  applied  tc  the  crops  at  the 
rate  of  4.4  lbs.  per  acre.  During  the  months  following  treatment  as 
much  as  1,9  p.p.m.  parathion  was  found  in  the  bond  bottom  mud  and 
0.01-1.22  p.p.b.  in  the  water.  The  bottom  sediment  and  water  con- 
centrations varied  according  to  the  application  time  and  the  amount 
of  soil  erosion. 


144 


Tarzwell  and  Henderson  (5)  found  that  the  dieldrin  concentration 
of  runoff  water  from  a grassy  area  treated  with  2.66  lbs.  per  acre  de- 
creased with  time.  The  dieldrin  concentration  of  water  following  a 
rainfall  which  occurred  one  day  after  treatment  was  found  to  be  0,13 
p.p.m.  The  concentration  of  dieldrin  in  runoff  following  a third  rain 
which  occurred  9 days  after  the  treatment  was  0.025  p.p.m.  No  dieldrin 
was  detected  in  the  runoff  following  a rainfall  later  in  the  9th  day  after 
treatment. 

Nowhero  is  the  argument  against  using  the  permanent  types  of  pesti- 
cides (e.g.  mercury,  arsenic  and  lead)  better  illustrated  than  in  orchard 
areas  of  tho  United  States  where  arsenic-containing  pesticides  have 
been  in  use  for  decades.  In  many  such  areas  the  arsenic  has  accumu- 
lated in  tho  soil  to  the  point  where  the  soil  is  toxic,  shortening  the  life 
of  trees  and  making  difficult  the  profitable  use  of  orchard  lands  for 
the  forage  crops  that  normally  follow  orchards  in  rotation  ( 6 ), 
Wind  erosion. — Another  possible  hazard  to  the  general  public  from 
soils  contaminated  with  pesticides  is  that  of  wind  erosion.  With  appro- 
priate conditions  of  soil,  moisture,  humidity,  and  wind,  pesticide  resi- 
dues from  the  soil  may  find  their  way  into  the  air  and  be  transmitted 
for  great  distances  from  the  original  source  of  application.  (See  section 
C,  The  Air  Route.) 
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Household  Use 

The  use  of  pesticides  for  domestic  purposes  has  become  widespread. 
Accompanying  this  increased  application  is  an  increased  danger  of 
misuse,  accidental  poisoning  and  increased  contamination  of  the  home 
environment.  Homeowners  are  seldow  acquainted  with  the  scientific 
rationale  of  safe  application  and  frequently  fail  to  read  and  under- 
stand the  instructions  contained  in  the  label.  Thus,  problems  of  over- 
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use  and  misapplication  have  reached  the  point  where  contamination 
by  household  pesticides  may  constitute  a significant  proportion  of 
the  total  population  exposure. 

Of  special  concern  is  the  development  of  a large  number  of  pesti- 
cide dispensing  devices  intended  to  simplify  the  reduction  of  pests 
in  the  household.  Shelf  paper  impregnated  with  pesticides  and  evapo- 
rators intended  to  produce  an  insecticide  aerosol  for  insect  control 
are  examples  of  potentially  hazardous  installations  in  closed  environ- 
ments. Pesticides  have  been  incorporated  in  paints,  furnace  filters, 
swimming  pool  chemicals  for  algae  control,  and  in  various  types  of 
automatic  dispensers,  all  of  which  may  provide  problems  of  exces- 
sive pesticides  in  the  living  environment  of  the  household.  Garden 
hose  atomizers  have  been  developed  for  home  use  with  a variety  of 
pesticides.  These  devices  have  the  potential  of  causing  back-siphonage 
in  which  situations  highly  toxic  pesticide  materials  can  be  intro- 
duced into  the  home  drinking  water  system. 

Little  information  is  available  concerning  the  total  amounts  of 
household  pesticides  used  in  the  United  States.  A study  of  Salt  Lake 
County,  Utah,  from  July,  1967,  to  July  1968,  is  illustrative  of  the 
amounts  of  household  chemicals  in  use  and  indicates  the  proportion 
of  the  total  amount  of  pesticides  applied  that  may  be  attributed  to 
domestic  use  (7). 

In  Salt  Lake  County,  with  an  area  of  764  sq.  miles  and  a population 
of  about  440,000,  a total  of  200,811  lbs  of  pesticide  were  applied  during 
the  1-year  study  period.  The  amounts  used  in  the  various  types  of 


application  are  as  follows : 

U$e  Poundi 

Domestic 102,490 

Agricultural 

Farm 36,511 

Commercial  Applicators 18, 722 

Fruit  14,510 

Government  Agencies 12,  871 

Mosquito  Abatement 12, 871 

Live  Stock . 2,800 


Total 200,  865 


In  this  county,  therefore,  domestic  pesticide  use  accounted  for  ap- 
proximately one-lialf  the  pesticides.  These  amounts  would  vary  de- 
pending on  the  degree  of  agricultural  activity  in  a given  area  but 
illustrate  the  large  amounts  of  pesticides  that  are  being  used  domes- 
tically in  some  areas. 

Of  the  102,490  lbs  applied  domestically,  the  amounts  of  the  impor- 
tant pesticides  used  were  as  follows: 
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PetUcides  Poundt 

Arsenic  81,783 

Chlordane 5,  876 

2,4,5-T  and  2,4-D - 5,  700 

DDVP - - 2,800 

Malathion 1,380 

DDT  - 1. 108 

Other 8*  063 


The  inorganic  pesticide  arsenic,  therefore,  accounted  for  approxi- 
mately 80  percent  of  the  domestic  pesticides  used. 

A different  usage  pattern  was  found  in  Arizona  by  the  Arizona 
Community  Pesticide  Studies  Project  which  contrasted  the  domestic 
usage  of  pesticides  with  agricultural  usage  for  the  year  1068  (2).  The 
findings  were  based  on  475,362  households  in  the  state  and  a crop 
acreage  of  1,204,000  acres  and  are  presented  below. 


Pesticide  group 

House  and  garden 
use— 196& 

Agricultural  use— 
1968 

Ibi.  tech. 

16*.  tech, 

material 

material 

Chlorinated  hydrocarbons 

28, 600 

4,  202,  000 

Herbicide? 

12,690 

870,  000 

Organophosphates 

11,590 

2,  839,  200 

Miscellaneous  insecticides 

5, 600 

263,  600 

Fungicides 

2, 600 

126,  000 

Carbamates 

1, 900 

153,400 

Defoliants  and  dessicants 

1,  084,  100 

Total 

62, 980 

9,  538, 300 

Thus,  in  contrast  to  the  findings  in  Salt  Lake  County  where  a high 
arsenic  domestic  usage  was  found,  the  group  of  chlorinated  hydro- 
carbon pesticides  accounted  for  approximately  45.5  percent  of  the 
pesticides  used  domestically.  Also,  whereas  the  domestic  usage  of  pesti- 
cides in  Salt  Lake  County  accounted  for  approximately  50  percent 
of  the  total,  domestic  usage  in  the  state  of  Arizona  accounted  for  only 
about  0.6  percent  of  the  total.  # 

All  people,  of  course,  do  not  use  pestiedes  in  their  homes  and 
gardens  in  equal  amounts.  Finklea  et  aL  (•?),  for  example,  surveyed 
Charleston,  South  Carolina,  and  found  that  whereas  83  percent  of 
the  white  families  sampled  used  pesticides  in  their  home,  07  percent 
of  the  nonwhite  families  employed  household  chemicals  for  pest  con- 
trol. It  was  observed  that  the  homes  of  nonwhite  families  were  more 
frequently  infested  with  roaches,  mosquitoes  and  flies.  Nonwhites 
therefore  applied  pesticides  inside  their  homes  more  intensely  than 
did  whites.  Yard  and  garden  applications,  however,  were  found  prin- 


147 


£■ 


O 

ERIC 


cipally  among  whites.  Tims,  the  differences  in  application  were  prob- 
ably attributable  to  differences  in  economic  status  and  housing  quality. 

Both  white  and  nomvhito  families  commonly  ignored  safety  precau- 
tions in  the  use  of  household  chemicals.  Locked  storage  was  not  em- 
ployed by  88  percent  of  all  families;  66  percent  stored  the  pesticides 
within  easy  reach  of  small  children;  54  percent  stored  the  chemicals 
near  food  or  medicine ; and  66  percent  never  wore  protective  gloves  dur- 
ing use  or  washed  their  hands  after  the  application. 

This  study  indicates  that  lower  socioeconomic  groups  may  use 
pesticides  in  greater  amounts  than  higher  socioeconomic  levels  but  that 
both  groups  tend  to  disregard  safe  practices  in  the  application  and  the 
storage  of  these  poisons. 

Davies  and  Carter  (4)  observed  differences  in  DDE  blood  levels  in 
children  living  in  different  areas  of  Dade  County,  Florida.  Some  of 
the  children  in  the  poorer  sections  exhibited  DDE  blood  levels  as  high 
as  those  found  in  adulta  The  authors  hypothesized  that  the  pesticide 
blood  levels  could  be  correlated  with  the  dust  levels  in  the  homes,  as 
the  poorer  homes  tended  to  have  higher  dust  levels  than  other  homes. 

Poorer  homes  had  many  roaches  and  therefore  a greater  dependence  on 
insecticides  prevailed  in  these  homes.  Also,  since  DDT  is  one  of  the 
cheaper  pesticides,  the  poorer  families  favored  its  use.  The  younger 
children,  therefore,  would  be  most  likely  to  be  exposed  to  the  dust  as 
they  crawled  upon  the  floor.  To  test  this  hypothesis,  kittens  were  placed 
in  a clean  home  in  good  repair  and  in  one  of  the  poorer  homes.  The  kit- 
ten in  the  clean  homo  exhibited  no  increase  of  DDT  and  DDE  blood 
levels  during  the  study  period  of  four  months.  The  kitten  in  the 
Poorer  home,  however,  exhibited  a rise  of  DDT  from  12  p.p.b.  to  120  : 

p.p.b.  and  in  DDE  from  10  to  20  p.p.b.  during  this  same  period.  The  i 

average  blood  DDE  in  the  four  children  in  this  house  was  39  p.p.b. 

Both  homes  were  given  the  same  cat  food.  Therefore,  even  though 
the  number  of  kittens  in  the  experiment  was  not  large,  a demonstrable  i 

di  fference  in  blood  DDT  and  DDE  levels  was  observed,  indicating  that 
general  household  conditions  may  have  an  effect  on  the  possible  expo- 
sure to  children  vchen  all  other  factors  are  equal. 

Several  studies  have  attempted  to  correlate  environmental  pesti- 
cide levels  attributable  to  domestic  usage  with  pesticide  blood  levels 
or  respiratory  performance.  Weiner  and  Worth  (5)  studied  two 
groups  with  similar  income,  educational  level,  occupations,  residences, 
and  ethnic  background  to  determine  the  relationship  between  insec- 
ticide use  and  respiratory  impairment.  The  heavy-use  group  applied 
pesticides  once  a week  or  more  often  and  the  light-use  group  used 
pesticides  less  than  once  a week.  Tests  of  forced  expiratory  volume 
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and  forced  vital  capacity  revealed  that  people  in  the  consistently 
light  pesticide  use  group  performed  significantly  better  than  those 
in  households  using  insecticides  heavily.  There  was  no  definite  corre- 
lation between  respiratory  impairment  and  a particular  pesticide 
nor  could  any  other  environmental  variable  be  attributed  to  the  dif- 
ferences in  respiratory  function.  More  asthma  and  chronic  sinusitis 
were  observed  in  the  heavy-use  group  and  perennial  nasal  allergy 
was  twice  as  common  in  this  group. 

A comparison  of  the  exposure  to  lindane  from  homo  vaporizers 
with  that  of  occupational  exposure  levels  is  provided  by  a study  in 
California  (tf).  Several  groups  of  people,  each  having  various  expo- 
sures to  lindane  were  studied.  Lindane  blood  levels  and  air  concentra- 
tions to  which  they  were  exposed  were  sampled.  The  results  are 
summarized  below : 


Lindane  Jn  whole 
blood— p.p.b. 

Lindane  e«r 
concentration— 
mgXKH/m* 

Sample  population 

Mean 

Range 

Control — No  exposure 

0.  46 

0.3-0.  9 .. 

Nonproduction  workers  in  lindane  plants 

Production  workers  in  plant  1 with  little  or  no 

0.  93 

0.  3-2.  5 

9.  0-49 

skin  contact- 

4.  6 

1.  9-8.3 

31-1800 

Production  workers  in  plant  2 with  little  or  no 

skin  contact 

Production  workers  in  plant  2 with  ample 

4.  1 

1.  0-8.  9 

11-1170 

skin  contact 

30.6 

6.  0-93.  0 

11-1170 

Lindane  exposure  from  home  vaporizers  only.. . 

2.2 

0.  9-5.  2 

1.  0-110 

The  exposure  to  lindane  home  vaporizers  produced  greater  blood 
concent  rations  than  nonproduction  workers  experienced  in  lindane 
plants  and  in  some  cases,  as  evidenced  by  the  overlapping  ranges, 
produced  blood  levels  higher  than  in  production  workers  in  lindane 
plants.  Lindane  air  concentrations  attributable  to  lindane  home  vapor- 
izers were  at  times  as  high  as  those  concentrations  in  the  lindane 
manufacturing  plants. 

In  summary,  the  data  presented  indicate  that  the  use  of  household 
pesticides,  while  high  for  all  groups,  is  greater  in  lower  socio-eco- 
nomic levels  than  in  high.  This  fact,  together  with  the  generally  less 
clean  conditions  found  in  poorer  homes,  indicates  that  people  of 
lower  economic  levels  may  receive  a higher  exposure  to  household 
pesticides  than  other  segments  of  the  population.  All  groups  tend  to 
disregard  the  labeled  instructions  for  safe  application  and  storage. 
Respiratory  impairment  and  high  blood  pesticide  levels  have  been 
correlated  with  heavy  pesticide  use. 
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An  additional  potential  household  exposure  is  provided  by  contact 
with  wearing  apparel  that  has  been  treated  with  pesticides  for  moth- 
proofing. A survey  of  dry  cleaning  establishments  in  three  counties  of 
Mississippi  was  conducted  by  the  Mississippi  Community  Studies 
Pesticide  Project  in  an  attempt  to  determine  the  number  of  firms 
which  employed  such  practices  and  the  pesticides  involved  (7).  Forty- 
one  dry  cleaning  firms  were  questioned  about  their  mothproofing  pro- 
cedures during  the  year  1968.  Of  the  dry  cleaners  studied,  16  used  no 
mothproofing  agents  while  25  did  use  such  products.  'When  mothproof- 
ing agents  were  employed,  it-  was  generally  the  practice  to  mix  a quan- 
tity of  the  agent  with  the  regular  dry  cleaning  fluid.  Thus,  in  these 
firms,  every  article  of  clothing  which  was  dry  cleaned  was  moth- 
proofed as  well,  regardless  of  whether  the  customer  had  requested 
mothproofing.  Mothproofing  generally  began  in  April  or  May  and 
ended  in  July,  August,  or  September.  One  dry  cleaning  firm  used  moth- 
proofing year  round. 

Four  main  mothproofing  chemicals  were  used:  Sanex,  Milo,  Tri- 
pruf,  and  Sanitone.  All  four  products  contained  DDT,  although  Sani- 
tone,  which  was  100  percent  DDT,  was  the  only  product  in  which  the 
DDT  concentration  wTas  identified.  The  maximum  volume  of  moth- 
proofing chemical  used  during  1968  by  any  firm  was  20  gallons;  the 
maximum  weight  was  75  pounds. 

In  mo cfc  cases,  only  one  or  two  employees  in  a given  firm  had  direct 
contact  with  the  mothproofing  chemical.  The  estimated  number  of 
families  affected,  however,  was  always  in  the  hundreds,  and  in  some 
instances,  it  was  in  the  thousands.  A large  number  of  customers  was 
therefore  exposed  to  DDT  by  the  mothproofing  practices  of  these  dry 
cleaning  firms. 

Commercial  pest  control . — Throughout  the  nation  there  are  large 
numbers  of  commercial  pest  control  operators  who  work  extensively 
in  private  dwellings  and  institutions  in  the  control  of  household  pests. 
In  1963  there  were  5223  firms  concerned  with  structural  pest  control 
and  exterminating  services  and  the  number  continues  to  grow.  The  an- 
nual gross  income  from  these  operations  is  estimated  to  be  over  450 
million  dollars  of  which  about  30  to  40  million  dollars  is  spent  on  the 
purchase  of  pesticides  (£) . 

The  10  most  important  pests  controlled  by  pest  control  operators  in 
1965  were  as  follows : 

1.  German  roach. 

2.  House  mouse. 

3.  Norway  rat. 

4.  Subterranean  termites, 

5.  House  ants. 
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0.  laerican  roach. 

7.  Ca rpenter  ants. 

8.  Oriental  roach. 

9.  Fleas. 

10.  Brown  dog  tick. 

The  German  cockroach  and  the  two  commensal  rodents  are  the 
three  most  important  pests  encountered  and  require  frequent,  usually 
monthly,  control.  Although  fourth  on  the  list  of  important  pests,  ter- 
mite control  accounts  for  about  35  percent  ot  the  industry’s  income. 

The  most  important  insecticides  for  household  use  are  as  follows: 

1.  Diazlnon  spray. 

2.  Chlordane  spray. 

3.  DDVP  Spray  additive. 

4.  “Kepone”  pellets. 

5.  DDT  dust 

0.  Pyrethrins  and  synergist. 

7.  “Baygon.” 

8.  Sodium  fluoride. 

9.  DDVP  spray. 

Diazinon  is  an  organophosphate,  is  the  most  frequently  used  insec- 
ticide for  indoor  work  and  is  effective  against  most  chlorinated  hydro- 
carbon resistant  roaches.  Chlordane  is  very  effective  against  ants  and 
most  species  of  cockroaches  and  is  used  for  the  control  of  many  minor 
pests  because  of  its  long  residual  action,  low'  odor  and  moderate 
mammalian  toxicity.  DDVP  is  used  to  provide  a quick  knockdown  in 
conjunction  with  more  persistent  chemicals  such  as  Diazinon  and 
chlordane.  The  use  of  Kepone  pellets  as  baits  has  increased  even 
though  it  is  relatively  slowr  acting.  DDT  dusts  are  used  as  a trailing 
powder  to  control  mice  and  for  the  control  of  cockroaches.  Pyrethrins 
are  used  as  knockdown  sprays  and  in  food  processing  and  storage. 
Baygon,  a carbamate,  is  used  to  control  chlorinated  hydrocarbon  re- 
sistant cockroaches.  Sodium  fluoride  is  often  mixed  with  pyrethrum 
for  dusting  w’alls  and  concealed  areas. 

Anticoagulants,  such  as  Kepone  pellets  referred  to  above,  are  used 
extensively  by  pest  control  operators  for  the  control  of  rodents.  Their 
use  is  primarily  as  a bait  to  maintain  low  population  levels  after 
the  rodent  numbers  have  been  reduced.  Water  solutions  of  anticoagu- 
lants are  sometimes  used,  as  are  tracking  powders,  but  the  most  com- 
mon method  employed  is  that  of  solid  baits.  Although  anticoagulants 
are  slow  acting,  their  low  toxicity  makes  them  quite  attractive  from 
the  safety  standpoint.  These  compounds  are  ineffective  against  some 
rodent  populations,  however,  because  of  a natural  tolerance  or  resist- 
ance and  more  toxic  rodenticides  are  required  in  these  situations. 
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Proper  commercial  pest  control  dictates  that  the  chemical  and  tar- 
get  pest  organism  be  matched  effectively.  The  pesticide  which  will 
accomplish  the  greatest  kill  in  the  shortest  possible  time  and  in  the 
safest  manner  is  the  chemical  which  should  bo  used.  The  toxicity  of 
the  pesticide  must  be  balanced  with  its  persistence,  however,  since 
many  pest  organisms  require  frequent  control,  Nonpersi stent  pesti- 
cides may  result  in  uneconomical  control  frequencies  as,  for  example, 
in  termite  control.  More  persistent  pesticides  are  therefore  often 
required  and  their  application  must  be  properly  administered  to  avoid 
long-term  contamination. 

Most  commercial  pest  control  operations  are  under  the  licensing 
jurisdiction  of  local  units  of  government  and  in  some  cases  under 
State  control.  The  operators,  in  the  main,  have  demonstrated  an 
interest  in  the  protection  of  the  health  of  "heir  employees  as  well  as 
protection  of  the  health  of  the  public.  The  National  Pest  Control 
Association,  an  organization  composed  of  and  sponsored  by  commer- 
cial pest  control  operators,  promotes  the  safe  use  of  pesticides  and 
helps  in  the  production  and  evaluation  of  new  chemicals  and  control 
techniques, 
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Pesticide  Manufacture,  Occupational  Exposure  and  Accidents 

In  the  processes  of  manufacturing  and  formulating  pesticide  mate- 
rials, industrial  employees  may  be  exposed  to  pesticide  gases,  fumes, 
and  dusts,  and  to  skin  contact  with  these  chemicals.  In  many  of  the 
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largo  manufacturing  plants,  industrial  hygiene  and  medical  super- 
vision are  available.  Among  tho  small  manufacturers  throughout  the 
country,  however,  little  attention  is  given  to  industrial  hygiene  prac- 
tices and  medical  supervision  is  not  available. 

Hazards  to  manufacturing  employees  can  bo  reduced  through  a 
variety  of  methods,  as  for  example,  the  installation  of  appropriate 
ventilation  equipment.  Hartwell  and  Hayes  (1)  observed  workers 
in  two  organophosphate  formulating  plants,  one  with  adequate  and 
tho  other  with  inadequate  facilities  for  respiratory  protection  against 
inhalation  of  airborne  contaminants.  In  both  plants,  the  workers  who 
loaded  and  packaged  the  formulation  mixture,  the  most  hazardous 
job  in  tho  manufacture  of  pesticides,  were  studied.  Cholinesterase 
activity  depressions  as  a result  of  pesticide  poisoning  occurred  41  times 
in  26  subjects  in  the  plant  with  inadequate  protection  during  the  first 
year  of  the  study.  When  the  plant  installed  a system  which  distributed 
uncontaminated  compressed  air  to  faeemasks  worn  by  each  worker, 
the  incidence  of  pesticide  poisoning  decreased  drastically.  The  other 
plant  studied  had  such  a compressed  air  system  but  poisonings  occurred 
duo  to  a faulty  design  in  the  air  system  which  allowed  a back  syphonage 
of  pesticide-laden  air  to  occur.  When  this  situation  was  corrected,  the 
incidence  of  pesticide  poisoning  decreased. 

Protective  clothing  may  also  be  employed  to  protect  the  workers. 
The  training  and  instruction  of  the  workers  regarding  the  hazards 
involved  in  the  manufacture  of  the  pesticide,  the  techniques  used  for 
self-protection,  the  reasons  for  this,  protection  and  the  procedures  to 
be  followed  in  case  of  accidents  are  perhaps  the  most  important  pre- 
ventive actions. 

It  is  well  known  that  workers  in  plants  producing  persistent  pesti- 
cides, such  as  DDT,  accumulate  much  higher  levels  of  the  pesticide  in 
their  adipose  tissue  than  the  general  population.  However,  Laws  et  al . 
(#)  found  that  even  though  35  workers  with  exposures  of  more  than 
11  years  at  a DDT  manufacturing  plant  had  accumulated  38  to  647 
p.p.m.  DDT  as  compared  to  8 p.p.m.  in  the  general  population,  no  ill 
effects  were  evident.  The  long-range  effects  of  such  high  exposures 
and  accumulation  rates  are  less  certain. 

Agricultural  applications. — In  California  during  1966,  1,347  acci- 
dents were  attributed  to  pesticides  and  other  agricultural  chemicals 
( 3) . Accidents  in  the  agricultural  use  of  these  chemicals  numbered  820 
while  all  other  occupations  accounted  for  527  accidents.  The  number 
of  accidents  involving  these  chemicals  in  terms  of  the  industry  where 
the  accident  occurred  and  the  occupation  of  the  injured  persons  is 
reported  below\ 
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By  industry  By  occupation 

Accident  Agricul-  Manufac-  Farm 


A frirdltun!  Chemical  total  tural  luring  Other1  laborer?  Other* 


Total 1,347  820  204  323  704  623 


Organophosphates 253  183  46  24  152  101 


Parathlon 102  88  12  2 79  23 

Other 151  95  34  22  73  78 


Chlorinated  Hydro- 
carbons  94  49  18  27  42  52 


DDT,  chlordane, 

lindane,  kolthane..  40  19  7 14  17  23 

Methyl  Bromide 30  17  6 7 17  13 

Other 24  13  5 6 8 16 


Lead  and/or  arsenic 

compounds 10  7 1 2 7 3 

Herbicides 145  90  12  43  80  65 

Fertilisers 133  73  37  23  48  85 

Other  *  *712  418  90  204  375  337 


* Include*:  Construction;  transportation;  trade;  structural  pest  control;  government;  and  unspecified. 

* Includes:  Profesjlonsd;  clerical  and  sales  workers;  truck  drivers;  gardeners;  and  unspecified. 

* Includes:  Fungicides;  carbamates;  sulfur;  and  438 unspecified. 


O i me  accidents  caused  by  known  compounds,  the  organophos- 
phates  were  involved  more  than  any  other  group.  Of  these,  para- 
thion  accounted  for  approximately  40  percent.  Herbicides  and  ferti- 
lizers, with  approximately  the  same  number  of  accidents,  were 
involved  in  the  next  highest  number  of  accidents  where  the  pesticide 
or  chem;cal  was  specified.  Chlorinated  hydrocarbons  were  involved  in 
the  fourth  largest  number  of  accidents.  Within  this  group,  DDT, 
chlordane,  lindane,  and  Kelthane  accounted  for  approximately  43 
percent  of  the  cases  and  methyl  bromide,  32  percent 

There  were  approximately  four  times  as  many  accidents  involving 
agricultural  uses  as  there  were  industrial  accidents.  More  agricultural 
accidents  than  industrial  accidents  occurred  with  every  pesticide 
group  listed. 

Farm  laborers  were  involved  in  more  accidents  than  all  other 
workers  combined,  accounting  for  approximately  52  percent  of  all 
reported  accidents.  The  accident  rate  for  each  pesticide  specified 
was  higher  for  the  farm  laborer  category  than  for  any  other  working 
situation. 
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Exposure  to  pesticides  from  agricultural  applications  may  be  ex- 
perienced by  individuals  who  apply  the  pesticide  or  by  agriculture 
workers  who  work  in  the  fields  where  the  pesticide  lias  been  applied. 
Wolfe  ct  oh  (4)  studied  the  health  hazards  associated  with  the  agri- 
cultural application  of  endrin  and  dieldrin,  two  of  the  more  toxic 
chlorinated  hydrocarbons.  The  dermal  exposure  of  workers  wearing 
normal  clothing  while  spraying  a 1-percent  formulation  of  endrin 
dust  on  potato  fields  was  calculated  to  be  18.7  nig./hr.  The  respira- 
tory exposure  was  calculated  to  be  approximately  1.8  percent  of  a 
toxic  dose  per  hour  of  exposure.  White  spraying  endrin  on  orchard 
cover  crops  and  dieldrin  on  pear  orchards,  the  calculated  exposure 
was  0.2  percent  and  0.3  percent,  respectively,  of  a toxic  dose  per 
hour.  Even  though  the  exposure  levels  were  far  below  toxic  levels, 
the  fact  that  chlorinated  hydrocarbons  are  stored  in  the  body  fat 
must  be  taken  into  account  when  evaluating  the  hazards  of  repeated 
exposures. 

It  has  been  estimated  that  An  average  orchard  sprayman  who  wore 
no  hat  or  protective  clothing  on  his  arms  would  be  exposed  to  approxi- 
mately 7.7  i*rcont  of  the  toxic  dose  of  parathion  per  hour  (5).  After 
about  13  hours  of  spraying,  therefore,  the  individual  could  theoret- 
ically become  poisoned.  Experience  has  shown  that  this  is  not  neces- 
sarily true,  however,  and  this  may  be  attributed  to  the  slow  and/or 
incomplete  absorption  of  the  pesticide  which  impinges  on  the  skin. 
Therefore,  toxicity  data  must  be  tempered  with  knowledge  of  the 
mechanisms  of  pesticide  entrance  into  the  body. 

Wolfe  if  a/.  (6)  determined  values  for  dermal,  respiratory,  andtotal 
exposure  in  terms  of  the  fraction  of  toxic  dose  for  31  different  work 
activities  associated  with  the  pesticide  application  of  10  different  pesti- 
cides, Wind  was  the  most  important  environmental  condition  studied, 
as  the  amount  and  direction  of  wind  directly  affected  exposure  levels. 
For  each  pesticide,  there  appeared  to  be  a significant  variation  in  the 
hazard  depending  on  the  type  of  activity  in  which  the  worker  was 
engaged.  For  example,  the  hazard  from  the  indoor  house  spraying  of 
DDT  was  about  four  times  as  great  as  flagging  for  airplane  dusting 
of  fruit  orchards,  about  seven  times  as  hazardous  as  outdoor  house 
spraying,  and  over  30  times  as  hazardous  as  operating  an  air  blast 
spray  machine  in  a fruit  orchard.  The  loader  received  about  three  times 
as  much  exposure  as  the  pilot  and  about  4\£  as  much  as  the  flagman. 

The  method  and  rate  of  application  also  affected  the  potential  ex- 
posure. For  example,  the  potential  exposure  while  operating  an  air 
blast  machine  spraying  tree  orchards  with  parathion  was  about  12  times 
A9  great  as  the  exposure  when  spraying  the  same  compound  on  row 
crops  with  a boom  type  sprayer.  The  air  blast  machine  sprays  the 
pesticide  up  into  the  air  where  it  is  more  subjM  to  drift  whereas  the 


boom-type  sprayer  directs  the  spray  downward.  Increases  in  the  appli- 
cation rate  would  also  be  expected  to  increase  the  possible  exposure. 
In  the  same  way,  the  amount  of  time  the  workman  worked  at  his  par- 
ticular job  would  also  increase  the  pesticide  exposure. 

The  potential  dermal  exposure  to  each  pesticide  was  much  greater 
in  every  work  situation  studied  than  the  potential  respiratory  ex- 
posure. The  respiratory  exposure  for  the  various  work  situations  stud- 
ied ranged  from  0.02  to  5.8  percent  of  the  total  exposure.  The  use 
of  low-volume  concentrate  spraying  of  parathion  in  fruit  orchards 
resulted  in  a respiratory  exposure  about  three  times  as  great  as  that 
observed  for  similar  parathion  applications  using  conventional  high- 
volume  spray.  This  is  undoubtedly  due  to  the  fact  that  the  low-volume 
concentrate  spraying  results  in  particles  of  significantly  smaller  size 
than  conventional  sprays. 

Only  three  of  the  compounds  studied,  endrin,  parathion,  and  TEPP, 
were  involved  in  operations  in  which  the  mean  value  for  the  percentage 
of  toxic  dose  potentially  absorbed  ]>er  hour  exceeded  1 percent.  The 
highest  potential  exposure  was  observed  for  workers  who  loaded  air- 
planes with  1 percent  TEPP  dust.  They  received  44.2  percent  of  the 
toxic  dose  per  hour  of  work.  Although  the  fraction  of  toxic  dose  re- 
ceived during  application  of  some  of  the  less  toxic  chlorinated  hydro- 
carbon pesticides  was  comparatively  low,  these  compounds  are,  as 
noted  previously,  stored  in  the  body  fat  following  absorption.  No 
manifestations  of  such  jiesticide  exposure  hsvobeen  observed,  however. 
In  cases  where  poisoning  did  occur,  it  was  possible  to  show  an  obvious 
disregard  of  one  or  more  of  the  safety  regulations.  Thus,  this  study 
affirms  that  pesticides  can  be  used  safely  provided  recommended  pre- 
cautions are  followed. 

Quinby  and  Lemmon  (7)  studied  the  potential  exposure  of  workers 
engaged  in  picking,  thinning,  cultivating,  and  irrigating  various  crops 
to  which  parathion  had  been  applied.  Eleven  cases  of  poisoning  in- 
volving more  than  70  persons  occurred  from  contact  with  the  parathion 
residues.  Since  the  air  concentration  of  parathion  over  the  crops 
was  extremely  low,  it  ap|>cared  that  most  of  the  affected  workers  were 
exposed  primarily  by  the  dermal  rather  than  the  respiratory  route. 
Also,  it  was  observed  that  many  of  the  workers  removed  their  protective 
clothing  and  wore  contaminated  clothing  for  long  periods  of  time. 
Thus,  these  poisonings  were  a direct  result  of  working  with  and 
handling  contaminated  crops. 

In  all  cases  where  individuals  work  with  pesticides,  it  is  essential 
that  they  1*  made  aware  of  the  problems  peculiar  to  the  particular 
chemical  ex|>osure  and  that  they  become  familiar  with  methods  of 
protection. 
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Transportation. — In  the  consideration  of  problems  associated  with 
contamination  of  the  environment,  the  possible  contamination  through 
the  transportation  of  pesticides  from  the  point  of  manufacture  to  the 
l>oint  of  final  application  must  be  considered.  The  equipment  designed 
for  transportaion  of  large  volumes  of  pesticide,  which  in  case  of  acci- 
dent could  cause  hazard  to  numbers  of  individuals,  require  a design 
such  that  accidents  would  be  prevented  insofar  as  possible.  Tank  cars, 
trucks,  and  pesticide  containers  need  to  be  designed  in  such  a manner 
that  mishandling,  which  frequently  occurs  in  shipment,  will  not  cause 
accidents  to  the  individuals  handling  the  material  or  to  the  general 
public.  It  is  essential  that  equipment  used  in  handling  and  disseminat- 
ing pesticides  be  adequately  and  properly  maintained,  so  that  spills 
and  the  escape  of  pesticides  is  avoided. 

There  is  also  n need  to  prevent  food  contamination  with  pesticides, 
particularly  in  shipment.  A number  of  cases  have  been  reported  in 
which  pesticide  materials  shipped  with  foodstuffs  contaminated  large 
volumes  of  food,  thereby  causing  subsequent  illness  and  death. 

To  minimize  such  occurrences,  the  simultaneous  shipment  of  pesti- 
cides and  foodstuffs  should  be  avoided.  In  fact,  vehicles  used  for  bulk 
pesticide  shipment  should  be  single-use  vehicles ; i.e.,  their  use.  should 
be  confined  solely  to  the  transport  of  pesticide  chemicals. 

Contamination  of  water  supplies  by  accidental  spills  and  the  con- 
tamination of  grain  used  sul>seqiiently  to  make  flour  has  also  been  ex- 
perienced. In  all  cases,  consideration  must  be  given  to  the  instruction 
of  the  individual  handling  the  material  concerning  the  hazardous  na- 
ture of  the  chemical  involved. 

Accidents. — A large  number  of  accidents  from  pesticides  occur  each 
year.  For  example,  in  1061,  8.5  percent,  of  all  cases  of  accidents  and 
poisoning  of  children  younger  than  5 years  of  age  in  tlic  United  States 
was  attributed  to  pesticides  (S).  Of  the  £2,034  refx>rted  cases,  16,119 
were  caused  by  medicines,  1,726  by  petroleum  products,  and  2,709  by 
pesticides. 

In  South  Carolina,  between  1957  and  1966, 38  deaths  were  attributed 
to  pesticide  usage  (9).  Most  poisonings  occurred  in  areas  of  high  pesti- 
cide application  and  GO  |>ercent  of  the  fatalities  occurred  in  children 
under  5 years  of  age.  Parathion  accounted  for  31.2  percent  of  the  poi- 
sonings and  arsenic  3 1.G  percent. 

In  Dade  County,  Fla.,  studies  of  the  pesticide  mortality  records  for 
the  years  1956*67  revealed  that  children  under  5 years  of  age  ac- 
counted for  23  percent  of  the  fatal  poisonings  (10).  These  deaths  were 
primarily  due  to  accidental  ingestion  of  the  pesticides  in  and  around 
the  home.  In  addition  to  the  children,  young  to  middle  age  adult 
males  who  were  occupationally  poisoned  and  middle  age  to  older  adults 
who  suicidally  inge^ed  pesticides  accounted  for  the  majority  of  the 
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fatal  and  nonfatal  pesticide  poisonings.  Organophosphate  pesticides 
accounted  for  53  percent  of  the  fatal  poisonings. 

McLeod  and  Iferban  (//)  studied  the  pesticide  mortalities  which 
occurred  in  Louisiana  betw  een  1958  and  1967.  Pesticides  were  the  cause 
of  102  deaths  during  this  period.  The  10-year  cumulative  death  rate 
from  pesticides  per  100,000  population  areas  follows: 


White: 

Accidents 0.  48 

Suicide 1.  94 

Nonwhite: 

Accidents 2.  21 

Suicides 0.  62 


Pesticide  ingestion  accounted  for  76  out  of  the  102  cases.  Most  of 
the  poisonings  in  infants  and  children  were  accidental  whereas  poison- 
ings in  adults  were  primarily  suicides.  Only  three  deaths  were  occupa- 
tional and  these  were  all  agricultural.  Arsenic  accounted  for  37  deaths; 
unknown  pesticides  21;  inorganic  phosphorus  12;  fluoride  10;  and 
oi^gcnophosphates  9. 

McLeod  (12)  also  studied  the  107  cases  of  pesticide  poisoning  in 
patients  admitted  to  Charity  Hospital  in  New  Orleans  from  July 
1965,  through  June  1967.  Children  less  than  5 years  of  age  accounted 
for  77.6  percent  of  these  cases.  In  comparison  with  the  total  admis- 
sions to  the  hospital,  a greater  proportion  of  the  pesticide  poisoning 
pp.tients  were  Negro.  Most  of  the  adult  poisonings  were  the  result  of 
suicidal  attempts  whereAS  the  poisoning  of  children  occurred  through 
accidental  ingestion.  Pesticide  mixtures  accounted  for  26.1  percent 
of  the  poisonings;  Fumarin  and  Warfarin  20.6  percent;  organophos- 
phates  15.9  percent;  and  chlorinated  hydrocarbons  4.6  percent. 

The  above  studies  indicate  that  children  who  accidentally  ingest 
pesticides  in  the  home  account  for  a large  proportion  of  the  accidental 
poisonings  attributable  to  pesticides.  Efforts  aimed  at  the  reduction 
of  accidental  poisonings,  therefore,  must  be  directed  toward  the  mini- 
mising of  chitdren-pesticide  contact  in  the  home  environment.  No 
single  pesticide  or  pesticide  formulation  has  been  incriminated  a9 
being  a major  cause  of  accidental  poisoning.  The  availability  or  ease 
of  access  to  the  pesticide  would  acem  to  be  more  important  than  the 
type  of  chemical  involved. 

Accidental  exposures  to  pesticides  occur  through  inhalation,  direct 
consumption  of  contaminated  food,  and  through  skin  absorption. 
Coble  et  at.  (IS)  reports  the  accidental  poisoning  of  several  people 
by  flour  contaminated  with  indrin.  Although  no  human  fatalities 
resulted,  the  bread  which  caused  the  poisoning  killed  a rat  within 
12  hours  after  feeding  and  caustd  dogs  to  convulse.  Extracts  from 
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the  flour  sacks  killed  a dog  2 hours  following  ingestion.  How  the  flour 
became  contaminated  was  not  known. 

The  packaging  of  pesticide  products  is  an  important  consideration 
in  the  reduction  of  accidents,  whether  in  the  manufacturing  plant, 
during  shipment,  in  stores  or  in  homes.  Defective  packages  or  pack- 
ages which  might  rupture  during  rough  handling  must  be  avoided. 
The  use  of  package  materials  which  will  not  weaken  during  long 
periods  of  storage  due  to  degradative  processes  such  as  corrosion 
should  be  made  mandatory. 

Another  problem  is  that  of  the  disposal  of  used  pesticide  containers. 
lA^rge  containers  may  contain  appreciable  amounts  of  pesticides 
after  use.  For  example,  Wolfe  ct  at  (14)  fohnd  that  22  empty  5-gallon 
metal  drums  which  had  contained  45  6 percent  parathion  emulrifiable 
concentrate  contained  an  average  of  2.73  gm.  of  technical  parathion 
in  suspension.  Tests  indicated  that  rinsing  the  containers  twice  with 
water  removed  almost  98  percent  of  the  removable  parathion.  The 
disposal  of  the  rinse  water  presents  additional  problems,  the  solu- 
tion to  which  may  be  the  shipment  of  unrinsed  bulk  containers  back 
to  the  manufacturer  who,  presumably,  would  have  the  facilities  neces- 
sary to  clean  the  containers,  dispose  of  the  rinse  water  and  dispose  of 
or  reuse  the  containers,  and  at  the  same  time  insure  that  the  con- 
tainers would  not  be  reused  for  packaging  foods  or  the  like. 

The  incorrect  disposal  of  containers  used  for  household  pesticides 
constitutes  a hazard  to  man  and  his  environment.  It  is  important, 
for  example,  that  glass  or  metal  containers  be  disposed  of  soon  after 
their  contents  have  been  emptied  in  order  that  they  may  not  be  used 
for  drinking  water  jugs  or  other  household  purposes  or  remain  avail- 
able for  possible  contact  with  children.  The  present  day  disposal  meth- 
ods, namely  incineration  (as  presently  practiced,  time-temperature 
aspects  are  insufficient  for  pyrolysis)  or  burial  in  the  ground,  are 
unsatisfactory  in  that  even  though  they  minimize  the  immediate 
dangers  of  exposure,  they  contribute  to  the  buildup  of  environmental 
contamination.  A solution  offered  for  the  disposal  of  bulk  containers 
may  not  be  practical  with  regard  to  the  many  smaller  bags,  bottles, 
boxes,  cans,  etc.,  sold  to  the  public  each  year.  Obviously,  a more  sat- 
isfactory solution  to  this  problem  must  be  found.  In  this  connection, 
information  as  to  the  proper  disposal  of  old,  unsold  stock  or  of  dis- 
continued pesticides  should  be  made  available  to  all  pesticide  users. 

Theaccidental  incorporation  of  massive  levels  of  granular  or  powder 
insecticides  in  animal  feed  in  place  of  the  intended  mineral  is  a pri- 
mary source  of  pesticide  problems  in  livestock.  Animals  that  die  from 
such  exposures  are  disposed  of  in  rendering  plants  and  end  up  in 
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meat,  scraps  and  tankage  fed  to  animals,  thus  contributing  to 
pesticide  residues  in  foods  for  humans. 

In  order  to  prevent  accidents  of  the  types  listed  above,  one  of  the 
important  aspects  is  that  of  labeling,  coloring,  or  otherwise  clearly 
marking  pesticides  in  such  a manner  that  will  bring  to  the  atten- 
tion of  users  the  hazards  which  exist,  It  is  important  that  the  user 
of  pesticides  be  thoroughly  and  forcibly  warned  of  the  hazardous 
nature  of  the  material  and  the  reasons  for  the  precautions  which  are 
recommended.  Problems  of  storage  need  to  be  given  adequate  atten- 
tion, particularly  in  relation  to  storage  of  household  pesticides  so 
as  to  prevent  their  availability  to  children. 

The  possibility  of  sales  control  through  appropriate  registration 
of  the  more  hazardous  pesticides  should  be  given  attention. 
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Alternative  Pest  Control  Measures 

Alternatives  to  persistent  pesticides  may  be  of  two  main  types.  First, 
nonpersistent  pesticides  may  be  substituted  for  persistent  materials. 
Secondly,  pest  control  procedures  which  do  not  utilize  toxic  chemicals 
may  be  employed.  Such  alternative  methods  are  usually  of  a biological 
or  physical  nature  blit  their  use  has  been  limited  up  to  this  time,  al- 
though much  research  has  gone  into  the  development  of  these  tech- 
niques. An  increased  emphasis  is  being  placed  on  nonpesticide  control 
methods,  with  more  than  60  percent  of  the  Agricultural  Research  Serv- 
ice entomological  research  budget  in  1967  devoted  to  these  alternative 
techniques.  Since  more  than  90  percent  of  the  total  amount  of  pesti- 
cides used  are  employed  for  the  control  of  fewer  than  100  species  of 
pest  organisms,  the  reduction  of  these  specific  pest  populations  by  non- 
chemical methods  would  significantly  reduce  the  pesticide  burden. 

In  some  situations,  the  establishment  of  a goal  for  pesticide  treat- 
ment of  less  than  a 100  percent  kill  would  not  only  reduce  the  amount 
of  pesticide  needed  but  also  would  allow*  the  maintenance  of  beneficial 
predators  in  the  community  enabling  them  to  continue  exerting  a nat- 
ural population  control  of  the  pest  organisms. 

Development  of  nonperslstent  pesticides — The  development  of  non- 
persistant  pesticides  has  had  high  priority  for  the  last  several  years. 
The  results  of  this  intense  effort  are  already  becoming  evident  as  the 
trends  in  pesticide  application  are  to  the  use  of  the  less  persistent 
pesticides.  For  example,  the  organophosphate  compounds  are  under- 
going increased  production  and  use  whereas  the  persistent  chlorinated 
hydrocarbon  compounds  are,  in  general,  declining  in  use.  Although 
many  of  the  less  persistent  pesticides  are  more  toxic  than  the  persistent 
chemicals,  and  therefore  can  exert  a greater  potential  toxic  effect  on 
pesticide  handlers  and  on  nontarget  organisms,  the  fact  that  they 
remain  viable  in  the  environment  for  shorter  periods  of  time  reduces 
the  possibility  of  their  entrance  into  ecological  systems  with  possible 
harmful  consequences. 

Resistant  cropg. — One  of  the  best  methods  for  protecting  crops 
against  insect  injury  is  the  development  and  use  of  resistant  plant 
varieties.  The  ex|>ense  of  applying  sprays  and  dust,  the  hazard  of 
chemical  residues,  and  the  danger  of  developing  resistance  to  pesticides 
are  all  avoided.  The  development  of  tesislant  crops,  therefore  is  a con- 
tinuous process  of  discovery,  breeding,  and  selection  of  resistant  strains. 
As  the  diseases  are  constantly  changing,  the  resistance  of  crops  to  plant 
diseases  may  also  vary*.  Rainfall,  temperature,  fertility,  planting  dates, 
and  noil  condition  all  influence  the  degree  of  resistance  shown  to  a 
crop  disease. 
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Resistant  plants  that  have  been  developed  frequently  show  an  im- 
provement in  yield  and  quality  as  a result  of  more  normal  growth. 
Various  strains  of  wheat,  oats,  and  barley  and  other  grains  have  been 
developed  which  are  resistant  to  leaf  blights  and  rusts.  Various  strains 
of  nongrain  plants  such  as  alfalfa,  cotton,  tobacco,  beans,  potatoes, 
and  tomatoes  have  been  developed  which  are  resistant  to  specific  dis- 
eases caused  by  various  fungi,  bacteria,  viruses,  and  nematodes.  The 
goal  is  the  development  of  strains  of  each  type  of  crop  which  are  re- 
sistant to  all  major  types  of  diseases. 

Plants  which  are  resistant  to  attack  by  insects,  as  for  example  the 
Hessian  fly,  have  been  developed.  Corn  varieties  are  available  that  re- 
duce cornborer  losses  by  70  percent.  Wheat  and  alfalfa  strains  which 
are  resistant  to  the  particular  insects  which  attack  these  crops  are 
being  developed  and  cotton  strains  resistant  to  attack  by  the  boll 
weevil  have  been  found.  The  development  of  resistant  varieties  ap- 
pears to  be  the  most  successful  of  all  non^bemieal  control  methods. 

In*ect  parasite*  and  predator* . — The  introduction  of  beneficial  para- 
sites and  predators  not  native  to  a particular  location  and  their  artifi- 
cial growth  and  distribution  is  one  method  by  which  pests  may  be 
controlled.  In  addition  to  the  potential  lower  pest  control  costs  and 
avoidance  of  chemical  residues,  the  widespread  substitution  of  par- 
asites or  predators  for  chemical  applications  would  aid  in  preventing 
the  danger  of  developing  insect  resistance  and  would  also  reduce  Ihe 
possible  pest  icide  injury  to  the  host  plant. 

There  are  now  at  least  05  rpecies  of  imported  parasites  and  predators 
established  in  the  continental  United  States,  Many  of  these  were 
brought  from  Kurope  to  control  the  gypsy  moth,  the  brown-tail  moth, 
the  Kuropean  cornborer,  and  the  alfalfa  weevil.  A large  majority  of  the 
introduced  species  are  parasites.  There  are  at  least  32  species  of  par- 
asites used  in  California  against  scale  insects  and  mealy  bugs,  Tachinid 
flies  are  used  principally  against  forest  and  shade  tree  insects.  The 
development  of  techniques  which  allow  for  an  economical  production 
of  great  numbers  of  parasites  has  been  a large  factor  in  the  success 
of  these  efforts.  This  is  necessary  so  that  effective  numbers  can  be  re- 
leased in  areas  infested  by  pest  insects. 

In  spite  of  some  success,  there  have  been  only  100  insecls  anywhere  in 
ihe  world  including  46  in  the  United  Stab's,  that  have  been  partially, 
substantially  or  completely  controlled  by  j>arasites  or  predators  in- 
troduced into  an  area  by  man  (/).  Kor  reasons  of  easier  geographical 
and  ecological  control,  the  greatest  successes  in  this  type  of  treatment 
have  occurred  on  islands.  This  is  also  true  of  other  means  of  biological 
control  and  it  is  a fact  that  large  volumes  of  |*stieides  still  must  lie 
used  to  control  the  organisms  to  which  biological  control  methods  have 
been  applied  despite  some  success. 


Insect  pathogens. — Since  insects  are  subject  to  infection  by  disease- 
causing  organisms,  namely,  bacteria,  viruses,  fungi,  protozoa,  and 
nematodes,  the  use  of  these  organisms  offers  potential  control  of  pest 
insects.  The  organisms  which  attack  insects  are  very  seldom  the  same 
organisms  which  uttack  higher  plants  and  animals,  which  make  them 
relatively  specific  by  nature.  Various  attempts  have  been  made  to  de- 
velop control  methods  by  utilizing  disease-producing  organisms. 
Studies  have  been  made  on  chinch  bugs,  grasshoppers,  the  brown- 
tail  moth,  and  the  citrus  white  fly,  using  fungi  as  a disease-producing 
agent.  The  propagation  and  distribution  of  fungi,  however,  is  largely 
dependent  on  weather  conditions  and  the  results  of  field  studies  have 
been  difficult  to  evaluate.  Another  problem  with  the  use  of  insect  fun- 
gus diseases  is  that  atmospheric  moisture  and  temperature  greatly 
affect  their  dissemination.  Warm  humid  conditions  are  usually  re- 
quired for  the  use  of  fungi  in  the  control  of  insects.  Bacteria,  viruses, 
and  protozoa,  on  the  other  hand,  are  not  so  dependent  on  high  relative 
humitity  for  growth  and  dissemination  as  are  the  fungi.  These  orga- 
nisms may  be  ingested  with  food  or  carried  by  the  insect’s  predators 
and  parasites,  by  wind  and  rain  and  irrigation  water.  Weather  con- 
ditions are  important,  however,  in  developing  the  population  densi- 
ties required  for  the  control  of  pest  organisms. 

Bacteria  have  been  utilized  for  the  control  of  the  Japanese  beetle. 
Large  numbers  of  beetle  grubs  are  first  infected  with  the  bacterium 
Bacillus  sp.  The  grubs  are  then  refrigerated  until  ready  for  use.  At 
that  time,  the  grubs  are  ground  up,  a dust  base  is  added,  and  the  spore 
powders  are  distributed  through  areas  infested  with  Japanese  beetles. 
The  bacteria  spores  are  resistant  to  dryness,  moisture,  cold  and  heat, 
and  may  live  in  the  soil  for  years  infecting  grubs  feeding  on  grass 
roots. 

The  control  of  the  alfalfa  caterpillar  has  been  accomplished  by  in- 
fection with  the  virus  Borrtlina  campeoles.  Infection  of  these  cater- 
pillars by  this  virus  can  reduce  caterpillar  populations  below  economi- 
cally important  lex-els  in  from  5 to  7 days.  Supplies  of  the  virus  may 
be  augmented  by  the  continued  collection  of  infected  larvae  in  the 
field  and  their  processing  to  conditions  amenable  to  dissemination. 

Micro-organisms  used  for  insect  control  should  not  pose  a threat  to 
higher  animals  or  plants.  The  main  difficulties  of  this  type  of  control 
involve  the  manufacture  and  dissemination  of  large  amounts  of  the 
microbial  material.  Also,  most  of  these  biological  agents  are  specific  by 
nature  and  affect  only  one  pest,  allowing  other  pest  insects  to  live  and 
flourish  once  their  competition  has  been  reduced.  Pathogens  also  gener- 
ally do  not  produce  the  quick  kills  which  farmers  prefer.  Thus,  despite 
some  promise,  the  pathogenic  control  of  pest  organisms  must  be 
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improved  substantially  before  it  can  become  an  effective  control 
technique* 

Cultural  or  environmental  control. — The  so-called  cultural  or  en- 
vironmental techniques  for  pest  control  are  essentially  modifications 
of  the  ecological  systems  within  which  the  insects  operate.  One  such 
approach  is  the  use  of  induced  sexual  sterility  in  which  the  basic  be- 
havioral patterns  of  the  insect  provide  the  mechanism  of  insect  control. 
In  this  technique,  insects  which  arc  sexually  sterilized  are  released 
to  mate  with  normal  insects  thus  reducing  the  population’s  repro- 
ductive potential.  If  the  number  of  sterile  matings  is  sufficiently 
greater  than  the  number  of  normal  matings,  the  population  will 
decrease  with  each  generation  instead  of  increasing.  When,  by  con- 
tinued release,  the  number  of  sterile  insects  is  maintained  at  a con- 
stant level,  while  the  number  of  normal  insects  declines,  the  ratio  of 
sterile  matings  to  normal  matings  will  increase  rapidly  in  successive 
generations. 

In  many  eradication  programs,  such  as  the  screwworm  and  melon 
fly  programs,  sterility  was  induced  by  irradiation.  Since  this  tech- 
nique requires  the  rearingof  insects  in  the  laboratory  in  large  numbers, 
it  is  not  applicable  to  species  which  are  not  suited  to  such  laboratory 
rearing.  In  these  cases,  chemical  sterility  of  a large  proportion  of  the 
existing  natural  population  would  provide  the  answer,  Chemosteri* 
lants  are  effective  in  the  control  of  species  in  which  the  males  and 
females  that  aro  produced  over  a sizable  area  mix  thoroughly  before 
mating  takes  place.  If  both  sexes  remain  near  the  site  at  which  they 
molt  to  adults  until  after  mating  has  taken  place,  chemosterilants 
would  not  be  as  effective  as  toxic  chemicals.  AH  of  the  chemosterilants 
which  are  presently  in  u9e  are  presumably  mutagenic  agents.  For  this 
reason,  contact  between  these  chemicals  and  man  or  beneficial  animals 
should  be  avoided.  Species  that  are  attracted  to  baits  and  other 
attraefants  are  particularly  susceptible  to  such  methods.  As  of 
1966  chemosterilants  were  not  recommended  for  the  control  of  any 
species  and  no  large  scale  experiments  in  their  use  had  been  con- 
ducted. Research  was  under  way  to  develop  safe  chemosterilants  and 
to  devise  safe  and  effect  i ve  methods  of  application. 

Regardless  of  whether  the  sterility  is  induced  by  chemosterilants 
or  by  irradiation,  there  are  certain  characteristics  necessary  for  a 
species  to  be  controlled  by  sexual  sterilization.  The  first  necessity, 
particularly  in  reference  to  air-radiation  produced  sterility,  is  that 
the  species  be  able  to  be  raised  economically  in  large  numbers.  Species 
that  produce  a large  number  of  eggs  per  female  and  have  a short 
life  cycle  are  most  readily  amenable  to  this  type  of  rearing.  However, 
it  is  also  essential  that  the  sterilized  insects  do  not  in  themselves  con- 
dilute  a nuisance  or  a source  of  injury.  Such  insects  as  houseflies 


and  cockroaches,  or  insects  which  serve  as  disease  vectors,  are  not 
species  that  can  be  acceptably  controlled  by  sexual  sterility.  Species 
which  are  widely  distributed  or  have  economic  significance  also  would 
not  be  practically  controlled  by  sexual  sterility.  Sexual  sterility  will 
achieve  maximum  success  only  with  species  i i which  the  males  and 
females  mix  over  a considerable  area  before  mating  occurs.  If  the 
insects  are  restricted  in  their  movement  it  may  be  difficult  to  obtain 
adequate  distribution  and  placement  of  sterile  insects  in  required 
numbers  to  compete  successfully  with  the  normal  insect  in  the  various 
parts  of  the  total  area.  And  finally,  it  is  necessary  to  be  able  to  steri- 
lize the  species  without  too  serious  effects  on  its  vigor,  longevity, 
behavior,  or  mating  competitiveness. 

Another  method  of  effective  sterilization  of  insects  is  to  inject  into 
(he  adult  insects  synthetic  juvenile  hormones.  .Juvenile  hormones  are 
produced  by  the  insect’s  body  during  metamorphosis  to  retard  the  de- 
velopment of  the  adult  characteristics*  During  the  final  stage  of  meta- 
morphosis the  juvenile  hormone  is  not  produced,  allowing  adult 
characteristics  to  develop.  When  large  amounts  of  synthetic  juvenile 
hormone  are  introduced  into  adult  insects,  the  insects  are  effectively 
sterilized  by  the  degeneration  of  the  adult  characteristics.  Williams 
and  Robbins  (£)  report  on  research  by  Roller  which  determined  that 
20  mg.  of  synthetic  juvenile  hormone  was  fully  effective  in  controlling 
codling  moth  infestations  in  individual  apple  trees.  In  other  experi- 
ments it  was  found  that  when  the  high  dose  of  1 mg.  of  synthetic 
juvenile  hormone  was  injected  into  a body  of  an  individual  male  adult 
of  Pyrrhocons  apteru* , normal  females  received  sufficient  juvenile 
hormone  to  sterilize  them  when  mated  to  the  treated  male.  The  con- 
taminated females  were  then  in  turn  able  to  infect  normal  males 
during  later  matings,  and  in  many  cases,  these  infected  males  passed 
along  sufficient  hormone  to  sterilize  yet  a further  group  of  normal 
females.  Thus,  if  this  technique  could  become  effective,  the  dissemina- 
tion of  the  sterilizing  chemical  would  be  enchanced  by  the  normal 
activity  of  the  insects  themselves. 

However,  the  juvenile  hormone  may  be  considered  a broad-spectrum 
insecticide  with  a potential  for  killing  beneficial  fauna,  and  hence, 
care  in  its  application  must  be  exercised. 

Phyiical  pc*t  control  mcl h ods.— Various  types  of  physical  pest  con- 
trol methods  have  been  developed  and  are  undergoing  study  in  order 
to  develop  their  practicality  and  usefulness.  Nelson  and  Seubert  (5) 
reviewed  new  methods  of  pest  control  which  utilized  forms  of  electro- 
magnetic, sonic,  and  ultrasonic  energy. 

The  use  of  radiofrequency  (RF)  electromagnetic  energy  for  the 
control  of  insects  has  been  investigated.  Although  it  has  been  postu- 
lated that  RF  energy  of  some  particular  frequency  would  be  effective 
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in  killing  insects  by  virtue  of  some  resonance  phenomenon,  this  has 
never  been  demonstrated.  It  is  thought  the  main  lethal  action  of  RF 
energy  on  insects  is  produced  by  the  heating  of  the  RF  electric  fields. 
The  use  of  RF  heating  in  the  control  of  insects  in  a large  area  is  im- 
practical. The  main  application  of  the  RF  heating  effect  has  been  in 
the  insect  control  of  grain,  foodstuffs,  and  wood.  RF  heating  has  been 
used  to  control  insects  in  stored  grain  without  damage  to  the  grain 
itself.  RF  heating  has  been  used  for  wood  disinfestation  where  in  some 
cases  it  might  be  more  practical  than  conventional  heating  and  chem- 
ical methods  by  virtue  of  its  deeper  penet ration.  Little  of  the  RF 
energy  spectrum  has  been  studied  but  from  the  results  obtained  thus 
far  this  type  of  electromagnetic  energy  merits  further  investigation. 

Infrared  energy  has  been  used  for  insect  control  by  radiating  grain 
on  conveyor  belts  and  maintaining  lethal  temperatures.  The  use  of 
infrared  energy  for  the  control  of  insects  within  large  areas  has  not 
proved  practical.  Attractants  which  utilize  infrored  light  sources 
have  had  some  success. 

Visible  light  has  been  used  for  many  years  to  attract  insects  Most 
of  the  common  light  traps  employ  blacklight,  fluorescent  lamps  as  the 
nttractant  source.  There  lamps  emit  strongly  in  the  ultraviolet  region 
and  attract  largo  numbers  of  photopositive  insects.  Light  traps  have 
been  used  as  an  entomological  survey  device,  for  detection  and  quar- 
antine woik,  for  the  defection  of  population  changes*  and  the  predic- 
tion of  insect  infestations.  The  use  of  light  traps  for  t he  direct  con- 
trol of  insects  has  been  effective  in  small  areas  such  ns  vegetable  crops 
or  garden  plots  and  there  has  been  some  evidence  which  suggests  that 
the  control  of  insects  in  larger  areas  by  this  method  may  be  possible. 
Light  traps  at  a density  of  three  traps  per  square  mile  over  a circular 
area  12  miles  in  diameter  reduced  the  tobacco  hornworm  population  by 
approximately  G5  percent  in  one  season.  Light  traps  in  combination 
with  other  techniques  offer  promise,  With  certain  insects,  light  traps 
containing  caged  virgin  females  exhibited  a higher  catch  of  male 
insect*  than  either  separately.  Light  traps  might  |>ossib1y  be  used  in 
combination  withchemosterilanfs. 

Visible  light  may  1*  used  in  other  ways  to  control  insects.  For  ex* 
ample*  during  critical  times  in  the  life  cycle  of  certain  inserts,  if  the 
normal  dark  )*rio<l  is  interrupted  by  a momentary  flash  of  light,  nor* 
mal  development  is  prevented.  More  research  into  the  seasonal  cycling 
and  development  of  individual  insect  species  must  be  undertaken  so 
that  techniques  such  as  this  can  lie  used  effectively. 

X-rays  and  gamma  rays,  located  at  the  liighcnergy  end  of  the  elec- 
tromagnetic spectrum,  are  extremely  penetrating  types  of  radiation, 
Tlie  effect  of  their  ionising  tissue  atoms  can  lie  very  damaging  if  srffi- 


cient  energy  absorption  results  from  radiation  exposure,  One  use  of 
ionizing  radiation  in  insect  control  is  that  of  the  sterilization  of  malt 
insects  as  discussed  previously.  The  use  of  irradiation  for  disinfecting 
grain  has  also  received  much  attention.  Various  dose  levels  applied 
to  grain  are  used  to  either  sterilize  or  kill  insects  without  harming  the 
grain.  Wheat  irradiation  with  20,000  to  50,000  rads  from  gamma 
sources  providing  energies  of  not  greater  than  2.2  Mev.  has  been  ap- 
proved by  the  B\x>d  and  Drug  Administration.  Since  studies  of  gam- 
ma  irradiation  of  citrus  fruits  have  shown  that  low  doses  of  radiation 
are  effective  in  controlling  eggs  and  larvae  of  the  Mexican  fruit  fly, 
approval  of  gamma  irradiation  for  such  fruits  is  also  being  considered. 
When  the  design  of  radiation  equipment  allows  it  to  be  used  to  disinfect 
large  quantities  of  grain  and  other  products  and  the  costs  of  such  treat- 
ment become  more  competitive,  it  is  likely  that  ionizing  radiation  will 
be  used  to  much  greater  extent  in  lieu  of  chemical  insecticides. 

Other  forms  of  radiant  energy,  such  as  sound  and  ultrasound,  have 
also  been  considered  for  their  pest  control  applicability.  They  can  be 
used  in  two  main  ways:  (1)  By  causing  death  directly  by  heating, 
injury  to  vital  organs,  or  by  applying  intense  energy  levels,  and  (2) 
by  using  lower  intensities  to  which  the  pests  are  attracted  or  their  be- 
havior affected.  Killing  pests  directly  with  high  intensity  sonic  and 
ultrasonic  energy  appears  impractical  because  of  the  cost  of  produc- 
ing the  required  energy  and  because  the  energy  can  only  be  applied  in 
a restricted  area.  Artificial  sounds  and  recordings  of  an  insect’s  own 
sound  have  been  used  to  attract  insects. 

Integrated  control  techniques. — The  joint  utilization  of  several  suit- 
able techniques  to  eradicate  pests  or  manage  their  population  levels 
is  termed  integrated  control.  Integrated  control  utilizes  chemical,  bio- 
logical, and  physical  techniques  either  concurrently  or  in  sequence  to 
reduce  pests  to  acceptable  levels.  Int  egrated  control  requires  a thorou  Hi 
understanding  of  the  ecology  of  the  pest  populations  and  rein 
only  on  chemical  pesticides,  but  also  natural  enemies  and  al 
factors  in  the  environment  which  tend  to  limit  pest  population 

Integrated  control  is  desirable  because  the  flexible  nature 
ecosystem  allows  it  to  react  or  adjust  to  stress  in  various  way 
to  counteract  the  reactions  of  the  ecosystem  or  to  lessen  the 
which  causes  undesirable  side  reactions,  more  than  one  control  i 
is  desirable.  For  example,  rather  than  applying  a large  amn 
pesticide  for  tihe  control  of  Hessian  fly  on  wheat,  smaller 
pesticide  together  with  delayed  seeding  and  the  planting  of  i 
strains  of  wheat  lessens  the  flow  to  the  ecosystem,  does  not  i 
such  a large  ecosystem  reaction,  and  controls  the  Hession 
more  effective  and  economical  manner  than  by  using  pesticide 


A similar  typo  of  integrated  control  would  bo  the  use  of  light  to  at- 
tract insects  to  a bait  which  had  been  impregnated  with  a chemical 
poison. 

The  effectiveness  of  integrated  control  in  pest  management  is  well 
illustrated  with  control  of  the  spotted  alfalfa  aphid.  More  than  a dozen 
insecticide  treatments  were  initially  employed  for  aphid  control.  When 
use  of  natural  enemies  and  insecticides  were  judiciously  combined, 
insecticide  treatments  were  reduced  to  one.  However,  integrated  con- 
trol involves  techniques  that  may  appear  quite  subtle  to  the  nonecol- 
ogist, sucli  as  special  plantings  of  certain  tree  types  (bald  cypress) 
on  reservoir  shorelines  (4) . Hence,  integrated  control  is  likely  to  be  em- 
ployed only  where  knowledgeable  personnel  are  available  to  initiate 
and  supervise  such  a program. 

In  short,  integrated  control  is  the  manipulation  of  all  the  chemical, 
biological,  and  physical  components  of  the  environment  for  the  control 
of  the  pest  organism.  The  proper  analysis  of  the  techniques  and  mea- 
sures to  be  employed  requires  that  a systems  design  be  developed  for 
the  ecosystem  in  which  the  pests  are  found.  Ecosystems  contain  dy- 
namic interactions,  therefore  successful  management  of  the  system 
must  also  be  flexible  and  dynamic.  To  augment  integrated  control 
techniques,  fundamentals  of  ecology,  genetics,  plant  pathology,  agron- 
omy, and  entomology,  as  well  as  system  analysis,  economics,  and 
biomathematics  must  be  employed. 
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Monitoring  of  Pesticides  in  the  Environment 

The  initiation  of  specific  monitoring  programs  for  pesticides  has 
been  the  result  of  the  very  specialized  interest  of  individual  govern- 
mental agencies.  As  described  below,  the  Departments  of  Agriculture, 
Interior,  and  Health,  Education,  and  Welfare  all  have  substantial 
roles  in  pesticides  monitoring.  Even  within  these  agencies,  the  respon- 
sibilities arc  divided  according  to  the  specific  missions  of  the  sub- 
agencies such  as  the  Food  and  Drug  Administration,  the  National  Air 
Pollution  Control  Administration  and  the  Environmental  Control 
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Administration  in  HEW  and  the  Federal  Water  Pollution  Control 
Administration  and  the  U.S.  Geological  Survey  in  Interior. 

Recognizing  the  proliferation  of  studies  and  responsibilities,  a Fed- 
eral Committee  on  Pest  Control  was  established  which  is  charged  with 
coordination  of  activities  and  exchange  of  information  amongst  the 
agencies  involved  in  pesticide  management.  The  Committee  has  no 
responsibility  for  initiating  activities.  Consequently,  there  are  con- 
siderable gaps  in  the  monitoring  program  with  the  result  that  an 
assessment  of  the  level  of  pesticides  in  the  biosphere,  and  how  it  is 
changing,  is  almost  impotable  to  make.  For  example,  amonf(  the 
largest  reservoirs  for  the  storage  of  pesticides  beirg  added  to  the 
environment  are  the  oceans  and  yet  no  agency  of  the  J.S.  Government 
has  responsibility  for  monitoring  pesticide  levels  in  the  oceans. 

Many  ad  hoc  studies  of  pesticides  in  the  environment  are  being  made 
by  various  research  agencies,  and  many  of  these  are  being  reported 
in  the  literature,  but  there  is  a need  for  evaluation  of  the  entire  bio- 
sphere, the  inputs  of  pesticides  to  the  biosphere,  their  degradation, 
translocation,  and  storage  and  their  rate  of  accumulation  in  the  vari- 
ous elements  of  the  biosphere.  This  would  help  identify  elements  in 
the  environment  that  should  be  monitored,  and  help  indicate  priorities 
for  the  control  of  pesticide  use. 

Amongst  the  more  obvious  needs  in  a monitoring  program  are  the 
following: 

(1)  An  agency  with  initiative  for  instituting  monitoring  programs 
where  they  are  necessary.  Such  an  agency  would  have  responsibility 
for  overall  assessment  of  pesticide  use. 

(2)  Studies  of  pesticide  levels  in  the  oceans,  groundwaters,  lakes, 
rain,  water  supplies,  waste  waters,  and  in  the  air. 

(3)  Studies  of  pesticides  use  and  levels  in  the  environment  outside 
the  United  States.  The  use  of  pesticides  in  agriculture  in  developing 
countries  is  only  in  its  infancy.  Indiscriminate  and  excessive  use  of 
pesticides,  which  can  be  expected  because  of  the  technological  and 
educational  level  in  these  countries,  will  virtually  assure  that  consid- 
erable fractions  of  these  pesticides  will  find  their  way  outside  the 
countries  of  application  and  into  the  United  States  amongst  other 
countries,  just  as  their  use  in  the  United  States  and  other  industrial- 
ized countries  has  resulted  in  pesticide  accumulations  elsewhere  in  the 
world. 

(4)  Assessments  of  pesticides  levels  in  biota,  with  special  attention 
to  levels  in  fatty  tissues  of  all  species  of  life.  For  example,  bacteria 
concentrate  pesticides  and  the  accumulation  of  pesticides  in  bacteria 
in  11  phases  of  the  environment  may  involve  bacteria  as  a significant 
storage  reservoir. 


In  addition,  there  needs  to  be  a large  investment  in  improvement  in 
analytical  methods  for  monitoring  pesticides  in  all  environmental 
media,  with  emphasis  on  automated  monitoring  so  that  data  can  bo 
readily  stored  and  amenable  to  analysis  by  computer.  The  continuous 
analysis  of  data  gathered  in  a comprehensive  monitoring  system  would 
reveal  points  of  potential  danger  and  permit  regulatory  control  meas- 
ures to  bo  instituted  before  permanent  damage  is  done. 

Pesticides  in  food  and  feed .*  -The  Federal  program  for  monitoring 
pesticide  residues  in  food  and  feed  is  comprised  of:  (1)  Surveillance 
programs  operated  by  the  Food  and  Drug  Administration,  U.S. 
Department  of  Health,  Education,  and  Welfare,  and  (2)  pesticide 
residues  studies  of  meat  samples  provided  by  the  Livestock  Slaughter 
Inspection  Division,  Consumer  and  Marketing  Service,  U.S.  Depart- 
ment of  Agriculture.  The  objective  of  this  program  i9  to  determine  pes- 
ticide levels  in  unprocessed  and  commercially  processed  consumer  food 
commodities,  animal  feeds  and  composites  of  food  items  prepared 
for  human  consumption.  Studies  include:  (1)  A continuing  market 
basket  study  to  determine  pesticide  levels  in  the  basic  2-week  diet  of 
a 10-year-old  male,  statistically  the  Nation’s  largest  eater,  and  (2) 
the  nationwide  surveillance  of  unprocessed  food  and  feed. 

The  Department  of  Agriculture  in  1964  initiated  a program  spe- 
cifically designed  to  establish  pesticide  residue  profiles  in  limited 
\ areas.  Pilot  studies  are  being  conducted  in  five  areas  in  the  Mississippi 

; River  Delta  and  in  Yuma,  Ariz.,  and  Grand  Forks,  N.  Dak.  Repre- 

i sentative  farms  are  selected  where  records  of  the  kinds  and  amounts 

\ of  pesticides  used  have  been  kept  for  10  to  15  years.  The  program  is 

designed  to  determine  existing  pesticide  levels  in  soils,  sediment,  water, 
crops,  livestock,  and  certain  species  of  aquatic  and  land  animals 
inhabiting  the  study  areas.  In  addition,  soil  samples  have  been  ana- 
lyzed from  17  locations  having  high  pesticide  use  histories;  13  loca- 
tions where  pesticides  were  used  occasionally  such  as  forests  and 
range  lands;  and  13  locations  on  Forest  Service  lands  and  national 
wildlife  areas  where  no  pesticides  were  reported  to  have  been  used. 

In  the  surveillance  of  domestic  and  imported  meat  more  than 
5,000  samples  were  obtained  in  1965  and  1966  from  animals  slaugh- 
tered in  federally  inspected  establishments. 

The  Food  and  Drug  Administration  surveillance  program  was  ex- 
panded substantially  in  1963.  For  several  years  thereafter,  FDA  col- 
lected and  examined  about  25,000  samples  annually,  subjecting  them 
to  multiresidue  methods  of  analysis  using  gas-liquid  chromatography. 
Presently,  about  9,000  samples  are  examined  annually.  Most  of  these 
samples  are  “objective” ; that  is,  not  related  to  any  specific  suspicion  of 
excessive  residue  and  therefore  expected  to  be  representative  of  the 
food  supply  as  a whole. 
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Pesticides  in  fish  and  wildlife. — Efforts  to  determine  pesticide  levels 
in  fish  and  wildlife  are  being  carried  out  by  the  Bureau  of  Sport  Fish- 
eries and  Wildlife,  US.  Department  of  the  Interior.  The  monitor- 
ing of  pesticide  levels  in  clams,  oysters,  and  estuarine  sediments  is  a 
ment  of  the  Interior  and  the  Food  and  Drug  Administration  of  the 
Consumer  Protection  and  Environmental  Health  Service,  Department 
of  Health,  Education,  and  Welfare. 

The  objective  of  these  programs  is  to  determine  >n  a national  scale 
the  levels  and  trends  of  pesticides  in  the  bodies  of  selected  forms  of 
animals  and  in  estuarine  sediments.  Fish  and  wildlife  at  or  near  the 
top  of  the  food  chain  are  being  sampled  at  each  sampling  location. 
The  species  selected  are  not  extremely  sensitive  to  chemicals,  are  geo- 
graphically well  distributed,  reasonably  numerous,  and  easy  to  collect. 
Residues  in  these  organisms  reflect  residues  in  organisms  at  lower 
levels  of  the  food  chain.  The  species  chosen  for  monitoring  of  pesti- 
cides in  wildlife  include  the  mallard  or  black  duck,  starling,  and  the 
bald  and  golden  eagles.  The  monitoring  of  pesticide  levels  in  estu- 
aries is  done  by  the  determination  of  pesticide  levels  in  oysters  and 
clams.  The  upper  estuarine  sediment  is  also  being  sampled. 

Pesticides  in  surface  waters . — Tlie  program  for  the  monitoring  of 
pesticides  in  surface  waters  is  being  carried  out  by  the  FWPCA  and 
Geological  Survey  of  t he  U.S.  Department  of  the  Interior.  The  purpose 
of  this  program  is  to  provide  information  on  the  extent  of  pesticide 
contamination  of  the  Nation’s  water  resources.  Monitoring  is  cur- 
rently confined  to  the  surface  waters  in  the  major  drainage  rivers 
of  the  United  States.  Sampling  sites  have  been  chosen  according  to 
the  following  criteria:  (1)  Locations  have  been  selected  at  or  near 
the  mouths  of  major  river  drainages  throughout  the  country;  (2) 
other  sampling  sites  on  river  systems  have  been  chosen  when  it  is 
believed  that  a reasonable  measure  of  pesticide  contamination  cannot 
be  obtained  by  sampling  at  the  mouth;  (3)  sites  have  been  selected 
at  or  near  stream-gaging  sites;  (4)  sites  have  been  located  where  the 
quality  of  river  water  is  now  being  affected  by  the  use  of  pesticides; 
(5)  if  possible,  the  locations  have  been  chosen  where  other  kinds  of 
water  quality  data  have  been  or  are  being  collected;  and  (6)  stations 
have  been  located,  if  possible,  at  points  from  which  historical  data  in 
the  form  of  carbon  filter  extracts  are  available.  Fifty-three  sampling 
locations  have  been  selected.  In  general,  lakes  and  ground  waters, 
as  well  as  ocean  waters,  which  constitute  the  largest  reservoir  of 
pesticides,  are  not  being  monitored. 

Pesticides  in  soil. — Most  of  the  soil  monitoring  program  has  been 
carried  out  by  the  U.S.  Department  of  Agriculture.  Other  aspects  are 
being  conducted  by  the  U.S.  Department  of  Agriculture  in  cooperation 


with  State  and  other  Federal  agencies.  The  objective  of  this  program  is 
to  determine  levels  of  pesticide  residues  in  soils  of  selected  areas  in  the 
United  States  and  to  detect  any  significant  changes  in  these  levels. 
Soil  monitoring  sites  were  chosen  where  possible  to  coincide  with 
sampling  sites  of  other  agencies  in  the  Federal  pesticide  monitoring 
network  so  that  soil  data  may  be  correlated  with  pesticide  levels  in 
other  environmental  media.  Soils  in  areas  of  high  pesticide  usage  as 
well  as  areas  of  low  usage  are  being  monitored. 

Pesticides  in  air . — An  air  monitoring  network,  eventually  to  include 
pesticides,  is  being  established  by  the  National  Air  Pollution  Control 
Administration.  Because  of  the  considerable  variability  of  pesticides 
in  air,  their  fallout  and  washout  and  the  uncertnn  patterns  of  air 
in  air,  their  fallout  and  washout  and  the  uncertain  patterns  of  air 
movement  over  the  earth,  the  results  of  such  monitoring  will  require 
sophisticated  interpretation. 

Pesticides  in  people . — The  monitoring  of  pesticides  in  people  is 
being  carried  out  by  the  Division  of  Community  Studies  of  the  Food 
and  Drug  Administration,  CPEHS,  HEW,  a i the  Communicable  Di- 
sease Center  in  Atlanta.  The  purpose  of  this  program  is  to  determine 
on  a national  scale  the  levels  and  trends  of  some  of  the  commonly 
used  pesticides,  both  in  the  general  population  and  in  population  seg- 
ments where  increased  exposure  levels  are  known  or  suspected.  The 
present  monitoring  program  hopes  to  provide  statistically  and  epi- 
demiologically  sound  information  for  use  in  the  evaluation  of  the  sig- 
nificance of  man’s  total  exposure  to  pesticides.  Such  items  as  geo- 
graphic area,  conditions  of  exposure,  type  of  pesticide,  sex,  and  body 
tissue  samples  are  taken  into  account  and  evaluated.  Two  types  of  mon- 
itoring studies  are  being  conducted — a limited  national  survey  of  the 
general  population  and  an  indepth  study  of  selected  communities  in 
high-use  areas.  Three  population  groups  are  being  sampled:  (1)  Oc- 
cupationally exposed  workers  (agricultural  applicators,  workers  in 
pesticide  formulating  plants,  pest  control  operators,  greenhouse  work- 
ers and  aerial  spray  pilots) ; (2)  individuals  not  occupationally  ex- 
posed but  known  to  be  repeatedly  exposed  (people  living  in  agricul- 
tural areas) ; and  (3)  the  general  urban  population  (people  whose 
exposures  are  largely  limited  to  pesticide  traces  in  food,  water  and  air). 
With  long-term  epidemiological  data,  it  may  be  possible  to  distinguish 
the  effects  of  continuous  low  levels  of  exposure  to  pesticides  on  human 
populations. 

Analytical  methods . — The  accurate  measurement  of  environmental 
pesticide  levels  requires  the  continuing  development  of  analytical  meth- 
ods sensitive  enough  to  measure  the  low  concentrations  present.  The 
instrumentation,  its  correct  operation  and  analysis  of  the  results  ob- 


tained  by  these  techniques  require  highly  trained  and  experienced  per- 
sonnel. Therefore,  the  proper  monitoring  of  the  pesticide  levels  in 
such  major  environmntal  components  as  food,  air,  and  water  is  a 
highly  sophisticated  operation. 

Less  complicated  techniques  are  available  but  suffer  from  a lower 
sensitivity.  If  insensitive  procedures  are  adopted  to  save  costs  for 
some  monitoring  operations,  the  use  of  a highly  toxic  compound  could 
be  approved  because  of  the  poor  method  of  analysis  used,  while  the 
use  of  another,  less  toxic  compound  is  denied  because  a sensitive 
method  of  analysis  is  available  that  indicates  the  presence  of  an  in- 
finitesmal  amount.  Clearly,  in  order  to  measure  environmental  pesti- 
cide levels  and  evaluate  their  effects  meaningfully,  the  most  modem 
and  sensitive  techniques  available  must  be  employed  regardless  of  the 
cost  and  complexity  involved. 

The  measurement  of  pesticide  residues  in  food  is  perhaps  the  most 
advanced  of  all  such  techniques.  The  time  required  per  analysis  is  rela- 
tively low,  the  differentiation  of  the  many  different  pesticide  chemicals 
may  be  reliably  carried  out,  and  the  sensitivity  is  high,  allowing  the 
accurate  measurement  of  concentrations  wel!  below  established  toler- 
ance limits.  These  techniques  are  also  capable  of  determining  ac- 
curately a number  of  significant  metabolic  or  alteration  products, 
x Equipment  of  relatively  high  initial  cost  is  required,  however,  and 
highly  qualified  personnel  must  perform  the  analyses  and  interpret 
the  results. 

The  technique  of  measuring  pesticide  levels  in  air  is  not  as  highly 
developed  as  those  for  food  and  water.  The  measurements  are  most 
generally  accomplished  by  passing  a known  volume  of  air  through  an 
organic  solvent  contained  in  a gas  scrubbing  device.  Ethylene  glycol 
'>  is  used  most  generally  as  the  solvent.  Care  must  be  taken  to  obtain  a 

reagent  blank  free  of  compounds  which  would  interfere  with  either 
the  electron  capture  or  flame  ionization  gas  liquid  chromatography 
sysu.ns.  The  presence  in  the  atmosphere  of  so  many  compounds  in 
small  concentrations  requires  that  the  analyst  be  certain  that  all  the 
f peaks  produced  originated  from  the  scrubbed  air. 

1 These  compounds  also  present  problems  in  identification  and  differ- 

i entiation  amongst  pesticides  and  other  organic  compounds,  both  syn- 

thetic and  naturally  produced,  that  Rre  found  in  the  environment. 
Competent  analytical  chemists  capable  of  interpreting  environmental 
polution  data  must  be  employed. 

Continuously  operating  monitoring  systems  are  desirable  because  of 
the  large  amount  of  air  which  may  be  sampled,  but  such  systems  re- 
quire an  inline  calibration  in  order  to  obtain  accurate  measurements. 
These  are  expensive  to  acquire  and  operate. 
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The  sensitivity  of  commonly  used  procedures  is  as  low  as  0.1  p.p.b. 
and  is  limited  by  the  volume  of  air  sampled  and  the  cleanup  efficiency. 
In  general,  the  sensitivity  of  the  methods  now  in  use  is  not  adequate 
for  the  proper  evaluation  of  pesticide  levels  in  urban  areas. 

The  two  most  commonly  used  procedures  for  extracting  pesticide 
residues  from  water  are  the  batch  method  and  the  continuous  extrac- 
tion method.  In  the  batch  procedure,  a definite  volume  of  water, 
usually  1 liter,  is  extracted  with  an  organic  solvent  such  as  chloro- 
form, hexane,  etc.  The  continuous  extraction  method  involves  the 
passage  of  a large  volume  of  water  through  an  extraction  apparatus. 
The  Ciubon  absorption  method  of  extraction  whereby  pesticides  are 
absorbed  onto  activated  carbon  and  then  extracted  has  not  proven  to 
be  of  sufficient  sensitivity  so  is  not  used  to  any  great  extent  at  the 
present  time. 

Using  the  parameters  described  in  the  Food  and  Drug  Administnv 
tion  Pesticide  Analytical  Manual,  as  little  as  1 p.p.b.  heptachlor 
epoxide,  for  example,  can  be  measured  by  the  batch  technique.  The 
sensitivity  of  this  method  may  be  improved  at  the  expense  of  system 
stability.  The  sensitivity  of  the  continuous  extraction  procedure  is 
limited  by  the  volume  of  water  extracted.  Once  again,  trained  analy- 
tical chemists  are  required  to  interpret  the  data. 

Analytical  Needs. — In  addition  to  refining  existing  methods  and  de- 
veloping new  methods  where  no  suitable  procedures  are  now  available, 
research  leading  to  the  development  of  automated  instrumentation  is 
urgently  needed.  This  report  identifies  the  many  sectors  of  the  en- 
vironment that  are  not  now  being  adequately  monitored,  and  pro- 
poses extensive  new  investigations  to  identify  epidemiological  and 
other  hazards  in  the  environment.  The  implementation  of  the  recom- 
mendations will  require  a considerably  greater  investment  in  pesti- 
cide analysis.  In  the  long  run,  the  most  economical  approach  to  these 
massive  operations  will  have  to  be  through  automation. 

Systems  Analysis  of  Pesticides  in  the  Environment 

Guides  to  policy  decisions  for  institutional  management  of  pesti- 
cides in  the  environment  require  the  continuous  assessment  of  (1)  the 
rates  of  input  of  the  various  pesticides  into  the  environment;  (2)  their 
various  rates  of  degradation  and  formation  of  toxic  degradation  prod- 
ucts and  in  turn  the  rates  of  degradation  of  these  products;  (3)  the 
mechanisms  and  rates  of  translocation  of  pesticides  among  the  sev- 
eral media  of  the  environment ; (4)  and  the  storage  and  rates  of  accu- 
mulation of  pesticides  in  the  various  elements  of  the  biosphere.  The 
concurrent  examination  of  these  changing  rates  and  amounts  consti- 
tutes a “systems  analysis”. 
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Such  systems  analysis  research  would  have  several  objectives:  It 
would  identify  the  data  that  need  to  be  obtained  to  permit  the  analysis 
to  be  made;  it  would  permit  an  evaluation  of  the  trend  of  accumula- 
tion of  pesticides  in  the  environment  and  it  would  enable  a cost-benefit 
analysis  to  be  made  that  could  serve  as  a guide  to  pesticide  utilization. 

The  first  step  would  be  to  establish  a conceptual  systems  analytic 
framework  for  the  evaluation  of  interregional  and  intraregional 
movements  of  persistent  pesticides  as  they  are  dispersed  into  the  envi- 
ronment, while  the  second  step  would  be  to  develop  an  operational 
regional  model  within  the  United  States  for  t lie  movement  of  persist- 
ent pesticides,  including  the  import  and  export  of  residues  into  and 
out  of  t lie  region.  While  t lie  construction  of  a global  model  would  be  a 
desirable  goal,  operationally  the  task  is  not  a feasible  one  under  rea- 
sonable limitations  of  time,  effort,  money,  and  data  availability.  Em- 
pirically derived  inferences  can  be  drawn  from  a regional  model  that 
perhaps  could  limit  the  added  value  of  a global  model. 

An  essential  part  of  the  research,  and  possibly  one  of  its  most  valu- 
able contributions,  would  be  an  assessment  of  the  adequacy  of  current 
research  and  data  collection  activities  upon  which  such  models  will  be 
built  and  upon  which  policy  decisions  must  be  made.  The  value  of  such 
data  and  research  can  be  measured  only  in  terms  of  uses  to  which  they 
can  be  put. 

The  attached  schematic  diagram  depicts  a regional  system  for  pesti- 
cides movement  among  the  air,  biological,  water  and  soil  storage  and 
transport  media.  Also  represented  are  additions  of  pesticides  through 
imports  from  other  regions  and  direct  application  within  the  system 
while  losses  are  represented  by  export  and  decay.  By  constructing  a 
mathematical  model  of  the  regional  system  using  established  relation- 
ships among  its  components  and  calibrating  the  model  with  the  best 
available  estimates  for  model  parameters,  it  is  possible  to  assess  the 
impact  on  system  response  of  alternative  policies  relating  to  rates  and 
methods  of  application.  System  response,  measured  by  the  amounts  of 
pesticides  in  any  component  at  any  time,  can  be  translated  into  eco- 
nomic, health,  and  ecological  consequences,  some  of  which  have  previ- 
ously been  established. 

Because  pesticides  include  a wide  variety  of  chemicals  which  are 
applied  and  dispersed  by  a number  of  processes  and  because  persistent 
pesticides  are  of  primary  concern  in  protecting  environmental  quality, 
the  research  might  initially  be  directed  toward  the  behavior  of  the 
persistent  pesticides,  the  chlorinated  hydrocarbons,  with  the  other 
pesticides  being  introduced  after  the  model  has  been  designed  and 
verified. 
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Flow  diagram  for  '■  cgional  system  for  pesticide  movement  in  the  environment. 
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EFFECTS  ON  NONTARGET  ORGANISMS  OTHER 
THAN  MAN 

Summary  and  conclusions 

Man  is  an  integral  part  of  the  living  system,  which  includes  about 
200,000  species  in  the  United  States.  Most  of  these  arc  considered  to 
be  essential  to  the  well-being  of  man.  Pesticides  are  now  affecting  indi- 
viduals, populations,  and  communities  of  natural  organisms.  Some, 
especially  the  persistent  insecticidal  chemicals  such  as  DDT,  huve  re- 
duced the  reproduction  and  survival  of  nontarget  species. 

Pesticides  are  dispersed  via  air,  water,  and  the  movement:*  of  organ- 
isms. The  most  significant  concentrations  arc  found  in  and  near  the 
areas  of  intensive  use,  but  traces  have  been  found  in  the  Antarctic  and 
other  areas  far  from  application.  Pesticides  have  reduced  the  popula- 
tions of  several  wild  species.  Both  extensive  field  data  and  the  results 
of  excellent  controlled  experiments  demonstrate  that  certain  birds, 
fishes,  and  insects  arc  especially  vulnerable.  There  arc  suggestion?;  that 
pesticides  in  the  environment  may  adversely  affect  processes  as  funda- 
mental to  the  biosphere  as  photosynthesis  in  the  oceans. 

However,  the  scarcity  of  information  concerning  the  influences  of 
pesticides  on  natural  populations  prevents  adequate  assessment  of 
their  total  effects.  Less  than  1 percent  of  the  species  in  the  United 
States  have  been  studied  in  this  connection,  and  very  few  of  these 
have  been  subjected  to  adequate  observation.  Present  methods  and  pro- 
grams for  determining  the  influences  of  pesticides  on  nontarget  organ- 
isms arc  inadequate.  Little  data  exists  on  the  distribution,  location,  and 
impact  of  various  pest  control  chemicals  in  the  natural  living  systems 
of  the  world. 

The  general  nature  of  the  effects  of  pesticides  on  non  target  species 
populations  and  communities  can  now  be  suggested.  Although  there 
is  usually  greater  similarity  of  reaction  between  closely  related  species, 
each  species  reacts  differently  to  specific  pesticides.  DDT,  for  example, 
causes  egg  shell  thinning  in  ducks  and  falcons,  but  not  in  pheasants 
and  quail.  Pesticides  from  the  air,  water,  and  soil  may  be  concentrated 
in  the  bodies  of  organisms.  The  concentrating  effect  is  frequently  en- 
hanced as  one  species  feeds  on  another  and  passes  the  pesticide  from 
one  link  to  another  in  the  food  chain.  Hence,  predators  like  some  birds 
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and  fish  may  be  exposed  to  levels  several  thousand  times  tl  roncen- 
trntion  in  the  physical  environment.  Some  nontarget  organic  can. 
under  highly  selective  pressure  from  pesticides,  evolve  resistance  to 
them.  The  surviving  resistant  individuals  mn}'  pass  extremely  high 
concentrationsto  their  predators.  In  communities  exposed  to  pesticides, 
the  total  number  of  species  is  usually  reduced  and  the  stability  of  popu- 
lations >vithin  the  community  is  upset.  Often,  beneficial  species  arc 
unintentionally  eliminated.  Such  a reduction  in  the  number  of  species 
is  frequently  followed  by  outbreaks  or  population  explosions  in  some 
of  the  surviving  species,  usually  those  in  the  lower  parts  of  the  food 
chain.  When  a vital  link  low  in  the  fowl  chain  is  eliminated,  many 
predators  and  parasites  higher  in  the  food  chain  are  often  also 
destroyed. 

The  Committee  has  reached  the  following  conclusions: 

1.  Adequate  methods  should  lx?  developed  and  utilized  for  evalu- 
ation of  the  hidden  costs  of  the  uses  of  pesticides. 

Such  evaluation  is  essential  ns  part  of  the  development  of  use- 
ful estimates  of  all  of  the  benefits  and  costs  to  society.  Some 
partial  estimates  of  the  direct  Ikuk  fits  are  available  and  useful. 
Adequate  data  are  not  available  ou  such  indirect  costs  as  losses 
of  useful  fish  and  wildlife,  damage  to  other  species,  and  any 
esthetic  effects.  These  are  required  to  guide  rational  decisions 
on  the  pro|>er  uses  and  control  of  pesticides  so  that  the  net  gains 
will  lx?  ns  great  as  possible  while  the  net  losses  arc  minimal. 

2.  Persistent  chlorinated  hydrocarbons  which  have  a broad  sq>oc- 
trum  of  biological  effects,  including  DDT,  DDD,  aldrin,  chlordanc, 
dieldrin,  elidrin,  heptnchlor,  and  toxaphene,  should  b*  progressively 
removed  from  general  use  over  the  next  2 years. 

These  pesticides  are  causing  serious  damage  to  certain  birds, 
fish,  and  other  nontnrget  species  among  world  populations. 
Some  of  these  species  arc  useful  to  man  for  food  or  recreation, 
some  are  essential  to  the  biological  systems  nf  which  he  is  a part, 
and  some  merit  special  protection  Ixvause  tli^y  are  already 
endangered. 

These  |>esticides  have  value  in  sj>ccific  circumstances,  and 
we  suggest  that  they  l>e  used  only  under  license  and  with  so- 
cial j>crmits.  The  system  for  assuring  this  careful  use  should 
lx?  established  as  the  unrestricted  use  of  these  materials  is 
phased  out  over  t he  2-year  period. 

3.  The  release  of  biocidal  materials  into  the  environment  should 
l>c  drastically  reduced. 

In  addition  to  restriction  of  the  use  of  hazardous  |x»sticides, 
many  techniques  can  be  applies!  which  will  minimize  the  re* 
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lease  of  pest  control  chemicals.  In  industry,  improved  chem- 
ical and  engineering  processes  could  reduce  the  quantity  of 
contaminated  wash  water;  more  effective  methods  can  bo 
developed  for  disposal  of  unused  stocks  and  residues  of  pesti- 
cides; and  improved  surveillance  of  effluents  would  be  de- 
sirable. For  home  use,  improved  materials  and  methods  of 
application  can  be  created  and  employed  with  greater  discre- 
tion on  the  part  of  the  individuals  involved.  For  large-scale 
applications,  conversion  to  integrated  methods  of  pest  control, 
care  in  the  selection  and  application  of  specific  chemicals,  and 
preference  for  short-lived  j>esHcides  would  reduce  release  to 
the  environment. 

These  efforts,  combined  with  increased  research  and  educa- 
tion, would  slowly  but  effectively  reduce  the  damage  to  non- 
target species. 

4.  The  U.  S.  Department  of  Health,  Education,  and  Welfare 
or  another  Federal  agency  should  negotiate  a contract  with  a suitable 
national  professional  organization  to  develop  a system,  complete 
with  standards  of  training,  testing,  and  enforcement,  for  the  effective 
restriction  of  use  of  selected  pesticides  known  to  be  especially  haz- 
ardous to  man  or  to  elements  of  the  environment. 

To  achieve  an  adequate  and  prompt  further  reduction  in 
the  use  of  certain  pesticides  and  still  |>ermit  their  use  where 
no  adequate  substitute  is  acceptable,  there  must  be  a system 
of  regulation  based  upon  State  or  local  authority  but  using 
uniform  national  standards.  This  system  should  provide  for 
use  of  the  selected  pesticides  only  by  or  under  the  immediate 
supervision  of  a licensed  o|>erator  meeting  certain  standard 
of  training,  corn|>etence,  and  ethics. 

ii.  Educational  efforts  relating  to  the  proper  and  improper  usages 
of  |>esf  icicles  should  l>e  improved  and  expanded. 

The  most  important  element  in  the  wise  use  of  pesticides 
is  the  individual  Iverson  who  selects  the  chemical  to  lie  used  anti 
decides  u|>on  the  methods  of  application.  Suggestions  have 
been  provided  elsewhere  for  the  proper  training  of  all  large- 
scale  applicators.  It  is  equally  important  that  homeowners, 
gardeners,  students,  legislators,  civic  officials,  and  othei  s receive 
adequate  and  correct  information  and  develop  proper  atti- 
tudes. *Sucb  education  could  contribute  greatly  to  wise  u«e  of 
l>esticides,  and  also  to  rational  response  to  governmental  efforts 
to  protect  public  health  and  welfare  while  gaining  as  much 
advantage  as  possible  from  l>est  cont  ml  methods. 
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G.  All  pertinent.  Federal  and  State  agencies  should  review  and 
improve  policies  and  practices  of  pesticide  use. 

The  beneficial  uses  of  pesticides  have  been  accompanied  by 
a wide  variety  of  policies  and  practices  which  have  sometimes 
been  wasteful,  unnecessarily  destructive,  or  ineffective.  We 
offer  the  following  suggestions  to  be  included  among  the  guide- 
lines for  wise  use  of  post  icides : 

a.  Pesticides  should  be  applied  only  when  there  is  evidence 
that  pest  densities  will  reach  a significant  damage  threshold. 

b.  Effective  pest  control  does  not  usually  require  eradication 
of  the  pest  species*  and  should  be  directed  toward  optimal 
management  of  pest  densities. 

c.  Support  for  research  and  demonstrations  should  be  pro* 
vided  to  projects  based  on  the  systems  approach  to  pest  manage- 
ment and  control. 

d.  Diversity  of  species  is  biologically  desirable  since  it  con- 
tributes to  the  stability  and  efficiency  of  life  systems. 

e.  No  species  should  lie  eradicated  except  ns  a carefully  se- 
lected t>est  and  when  compensating  human  gains  are  ecologically 
sound  and  clearly  established. 

f.  tSpccinl  care  must  bo  taken  to  prevent  any  damage  to  the 
species  and  mechanisms  which  are  of  fundamental  importance 
to  biological  systems.  For  example,  oceanic  photoplankton  pro- 
duces most  of  the  oxygen  necessary  for  the  earths  biological 
system, 

g.  llcquirements  for  food  quality  should  not  Ik*  so  high  ns  to 
require  excessive  use  of  |>estic.dos.  Customer  preference,  and 
regulatory  requirements,  for  unblemished  fruit  and  vegetables 
and  the  complete  absence  of  insect  parts  have  encouraged  heavy 
use  of  |)est  icides. 

la.  New  pesticides  should  Ik*  given  interim  approval  which 
|>ormits  contained  use  in  limited  but  typical  circumstances 
prior  to  general  approval.  The  pattern  of  careful  progressive 
risks  would  encourage  new  developments  without  endangering 
the  public  interest. 

i.  Effective  incentives  should  Ik*  established  to  encourage  the 
development  of  improved  |K*st  control  techniques.  The  cost  of 
entering  a new  product  or  testing  a different  control  technique  is 
high.  Since  effects  on  the  national  welfare  are  involved,  proper 
governmental  encouragement  of  private  industrial  efforts  may 
Ik*  appropriate. 
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7.  Registration  requirements  should  lx>  strengthened  and  rede- 
signed to  permit  initial  provisional  approval,  then  general  use  ap- 
proval, and  to  require  periodic  review  and  rc-rcgistration  of  materials. 

Registration  of  pesticides  offers  the  most  important  oppor- 
tunity for  estimating  potential  benefits  and  costs  in  advance 
of  wide  usage.  In  addition  to  present  registration  application 
information,  useful  estimates  should  be  provided  of  the  per- 
sistence of  the  pesticide,  on  t lie  breadth  of  its  biological  impact, 
and  on  its  fate.  These  will  disclose  the  nature  and  possible  mag- 
nitude of  the  nontarget  effects.  If  approval  is  appropriate,  we 
suggest  that  it  be  for  a short  term  period  and  for  use  under 
defined  circumstances  where  risks  are  confined,  and  that  general 
use  be  considered  after  such  field  ex|>erience.  Since  some  of  the 
significant  effects  in  nontarget  species  are  subtle,  sublet li a 1,  and 
difficult  to  detect,  we  recommend  that  all  pesticides  be  subject 
to  periodic  review  and  approval* 

S,  All  commercial  applications  and  other  large-scale  applications 
of  pesticides  should  l>c  |K>r  formed  under  the  su|>ervision  of  coni)>eteut 
trained  persons. 

The  complex  rcsjHmsibilities  of  pesticide  application  involve 
both  achievement  of  the  greatest  i>ossible  t>enefU  and  maximum 
prevention  of  damage.  These  require  considerable  knowledge  of 
the  management  of  crops,  the  biology  of  desirable  and  unde- 
sirable species,  the  effects  of  weather,  and  the  effects  of  biocide 
in  the  ecosystems.  They  also  require  application  of  professional 
judgment  and  use  of  professional  standards  of  conduct  and 
responsibility.  We  suggest  that  all  such  applicators  should  Ik? 
properly  trained,  required  to  demonstrate  their  competence,  and 
awarded  evidence  of  their  ability.  Incentives  in  the  forms  of 
salary  and  recognition  will  l>o  needed  to  encourage  such  pro- 
fessional training. 

Training  programs  for  |*>st  management  s|>coia1ists  of  all 
types,  including  applicators,  should  include  the  concepts  of  sys- 
tems approaches  to  pest  control  and  emphasize  the  relationships 
l>et\vcen  pest  management  activities  and  the  total  biological 
community  affected. 

Since  new  inhumation  is  emerging  rapidly  in  j>est  manage- 
ment, refresher  courses  for  county  agricultural  agents,  appli- 
cators and  others  involved  in  the  uses  of  | pesticides  and  other 
control  techniques  would  l»eof  s|**cia1  value. 

9.  The  production  of  additional  information  and  comprehension 
should  1*  encouraged  and  sup|x>rtcd  on  many  nspecta  of  |>esticide  use 
and  effects. 


Experience  with  pesticides  lias  revealed  many  serious  gaps  in 
available  knowledge.  Research  is  urgently  needed  on  many  gen- 
eral and  s|>ecific  problems.  The  following  problems  are  all  re- 
lated to  nontarget  effects  of  pesticides,  and  many  of  them  are 
also  ]>ertiiieiit  to  other  areas  of  |>csticide  use,  to  successful  man- 
agement of  animals  and  plants,  and  to  fundamental  science. 

a.  What  are  the  acute  effects  of  the  common  pesticides  when 
used  on  the  many  species  of  wildlife  and  other  organisms  which 
may  be  ex|>osed  to  them  ? 

b.  What  are  the  effects  of  indirect  and  chronic  exposure? 

e,  What  is  the  nature  mid  magnitude  of  the  effects  of  insecti- 
cides on  beneficial  insects  and  other  sj>ecies? 

d.  What  are  the  normal  patterns  and  variations  in  natural 
biotic  communities,  as  baselines  for  understanding  future  i*sti- 
cide  pollution  effects? 

e.  What  mechanisms  exert  natural  control  on  various  i>est 
|>opii1ntions? 

f.  How  can  we  l>ost  estimate  pest  |>opulations  and  pi  edict 
their  trends? 

g.  What  are  the  full  potentials  and  realistic  limitations  of  the 
pest  control  methods  which  are  suggested  as  alternatives  to 
chemical  pesticides,  including  predators,  parasites,  pathogens, 
cult ni al  control,  sterilization,  nttrnctnnts,  repellants,  genetic 
manipulation,  and  integrated  approaches? 

h.  What  improvements  are  possible  for  pesticide  packaging 
and  disiwsal  (including  degradable  containers)  to  minimize 
threats  to  nontarget  species? 

10.  A vigorous  s|*cific  program  should  be  created  to  bring  the  100 
most  serious  insect  |>est  s|>ecies  of  the  United  States  under  optimal 
control. 

These  require  about  80  |*rcent  of  the  insecticides  now  in  use. 
Dramatic  focusing  of  attention  on  the  “100  worst”  could  lead  to 
rapid  improvement  in  the  species-s|>ocific  insecticides,  bio- 
logical control  methods,  or  integrated  control  programs, 

11,  The  resj^onsihilities  of  the  several  Federal  agencies  involved 
in  i>esticide  regid  lion  and  control  must  I*  more  clearly  defined  and 
certain  f|xvific  activities  should  I*  impmvid  or  initiated  by  appro- 
priate agencies. 

Procedures  and  patterns  for  the  regulation  and  control  of 
|*sticide  use  have  emerged  during  the  last  30  years  in  res|>onse 
to  changes  in  law,  evolving  practices  in  agriculture,  production 
of  new  chemical  materials,  changing  public  concern  with  health 
effects  and  iiontarget  damage,  emerging  scientific  comprehen- 


sion  of  benefits  and  costs,  and  other  unstructured  events.  Both 
benefits  and  costs  are  now  so  large  as  to  merit  the  national  alio* 
cation  of  responsibilities.  We  suggest  careful  review  and 
reassignment,  by  law  if  necessary,  of  the  proper  role  of— 

a.  The  Department  of  Interior,  charged  with  protection  and 
enhancement  of  non  agricultural  resources  and  with  water 
quality  control. 

b.  The  Department  of  Agriculture,  charged  with  assisting  in 
the  maximum  production  of  food,  fibers,  and  other  cultivable 
crops  in  ways  which  arc  not  detrimental  to  other  interests. 

c.  The  Department  of  Health,  Education,  and  Welfare, 
charged  with  protection  and  improvement  of  human  health  and 
welfare. 

d.  The  National  Science  Foundation,  re$q>onsib)e  for  im- 
proved comprehension  of  fundamental  processes  and  assisting 
in  their  application  for  human  benefit. 

e.  The  Environmental  Quality  Council,  Federal  Committee 
on  Best  Control,  and  other  coordinating  agencies. 

Other  agencies  are,  of  course,  involved  as  users  of  pesticides 
and  in  other  functions.  Those  listed  above,  however,  appear 
to  comprise  the  areas  of  primary  attention.  In  addition  to  pres- 
ent programs  ami  activities  related  to  pesticides,  we  suggest 
the  following  services  for  new  or  additional  emphasis: 

a.  A taxonomic  and  identification  service  should  bo  estab- 
lished to  provide  increased  knowledge  and  reference  standards 
for  biological  investigations  related  to  all  fields  of  pest  control. 

b.  Broader  monitoring  should  be  undertaken  of  the  ty|>cs 
and  quantities  of  jiesticide  transmitted  by  various  means  and 
reaching  nontarget  s|X>cies.  Bioaccumnlators  like  oysters  and 
other  molluscs  can  be  unusually  useful  as  indicators,  and  the 
levels  of  concentrations  in  predatory  species  are  of  s|xvial 
importance. 

c.  Early  indications  of  undesirable  effects  must  I*  detected 
effectively  and  followed  by  appropriate  action.  When  the  early 
warning  system  suggests  a intent ial  |>ollution  hazard  in  the 
environment,  the  acquisition  of  additional  pertinent  informa- 
tion by  the  scientific  community  should  be  sup|>orted. 

d.  Multidisciplinary  investigations  of  alternative  control 
techniques  should  I*  carried  out  whenever  present  control  meth- 
ods are  shown  to  contain  potential  hazards. 

e.  A single  agency  should  assume  the  responsibility  for 
assimilating  information  on  the  effects  of  j*sticides  on  nontar* 


get  species  and  transmitting  it  to  appropriate  regulatory  and 
educational  centers. 

f.  Measurable  predictors  of  potential  hazards  from  pesti- 
cide use  should  be  agreed  upon  and  might  be  made  the  basis 
of  a handicap  tax  to  be  applied  to  each  pesticide  in  proportion 
to  its  pollution  hazard. 

Introduction 

The  earth  supports  a complex  system  of  living  organisms  of  which 
man  is  an  integral  part.  The  system  also  involves  the  chemical  and 
physical  environments  of  the  earth’s  crust,  the  oceans,  the  atmos- 
phere, and  the  interfaces  between  them.  In  these  environments,  mil- 
lions of  kinds  of  organisms  have  evolved,  each  species  with  a specific 
set  of  requirements. 

Certain  basic  ecological  principles  are  well  established.  Only  the 
plants  can  synthesize  organic  compounds,  through  photosynthesis. 
Some  animals  feed  on  plants,  some  on  other  animals,  and  some  on 
lx)tli.  Hacteria  and  a few  other  organisms  participate  in  the  break- 
down process?  which  return  the  chemical  elements  to  simple  forms 
which  can  bo  reused  and  recycled.  This  master  cycling  is  accompa- 
nied by  lesser  cycling  of  specific  elements  and  compounds  in  ways 
which  are  only  partially  understood.  Events  on  land,  in  the  sea,  and 
in  the  air  can  affect  the  processes  and  rates  over  n very  wide  area 
of  the  earth,  since  this  is  a single  global  life  system. 

Only  in  recent  centuries  has  the  human  species  bad  more  than 
trivial  impact  on  biological  events  in  the  world.  In  the  century  since 
the  industrial  revolution,  man  has  brought  large  areas  under  con- 
trol, changed  populations  and,  eventually,  collected  and  used  such 
large  quantities  of  some  materials  as  to  modify  parts  of  the  bio- 
sphere. Improved  agricultural  yields  and  grave  |>olhition  problems 
are  both  aspects  of  these  accomplishments, 

T1IE  moll  NETWORK 

For  the.  present  discussion,  the  significant  questions  are  whether 
or  not  man's  uses  of  chemicals  to  kill  or  control  pest  species  at  spe- 
cific sites  has  earned  serious  damage  to  nontarget  species,  jxqmla- 
tinns,  and  process  in  the  world  life  system. 

Solar  energy  captured  by  photosynthesis  is  available  for  biological 
use  by  herbivores,  then  (in  quantities  which  rapidly  decline)  to  omni- 
vores, carnivores,  snpercarnivores,  and  organisms  of  decay.  This 
sequence  is  easily  stated,  but  rarely  occurs  in  nature.  There,  the  energy 
transfer  process  is  more  accurately  described  as  a network,  since 


different  stages  of  each  species  play  differing  roles  and  since  an 
enormous  number  of  species  are  involved, 

When  a persisting  chemical  compound  is  made  available  to  this 
biological  network,  its  movements  and  biological  effects  may  involve 
many  species,  locations,  and  degrees  of  effect.  So  it  is  with  some  of 
the  persistent  pesticides.  Among  the  benefits  the  world  has  received 
from  the  use  of  DDT,  high  value  should  be  placed  on  the  increased 
knowledge  and  appreciation  which  has  been  gained  of  the  global 
unity  of  the  biological  network  and,  therefore,  of  the  global  effects 
of  local  chemical  usages. 

Such  chemicals  are  directed  toward  a pest  species.  Release  places 
the  chemical  on  or  in  the  target  and,  invariably,  on  or  in  other  species 
and  parts  of  the  environment.  The  chemical  begins  its  movement 
through  the  ecosystem.  We  cannot  quantitatively  describe  the  trans* 
|)ort  of  DDT  or  other  chemicals,  except  for  a short,  period  in  a river 
or  j>ond,  but  evidence  is  sufficient  to  prove  the  constant  movement  of 
part  of  the  material  into  and  through  living  organisms.  There,  the 
chain  effect,  of  feeding  patterns  may  create  increasing  concentrations 
in  subsequent  food  levels.  In  general  terms,  only  about  10  percent  of 
the  energy  in  one  trophic  level  will  be  transferred  to  the  next  level, 
and  the  rest  will  be  used  for  respiration  or  released  as  wastes.  Chemi- 
cals which  are  preferentially  absorbed  into  living  organisms  and 
stored  for  extended  period,  as  are  DDT  and  its  derivatives,  may,  there- 
fore, be  concent  rated  greatly  up  the  food  chain.  At  any  )>oint,  the 
chemical  may  reach  a species  which  is  susceptible  to  it  and  damage 
will  result.  The  nature  of  the  food  web  and  the  distribution  of  a pesti- 
cide are  partially  illust rated  in  .Igure  1,  from  the  article  in  The  Scien- 
tific A mcrican  by  A . M.  Woodwell. 

If  release  of  such  a chemical  is  terminated,  the  quantity  in  the  eco- 
system will  gradually  decline  in  accordance  with  the  rate  of  natural 
conversion  of  the  substances  to  compounds  or  elements  which  do  not 
have  the  same  effects.  This  decline  in  biological  organisms  will  occur 
over  a long  period,  related  to  tlie  length  of  life  of  various  involved 
species  and  many  other  factors,  Eventually*  the  amount  of  chemical 
comjKnmd  will  Ik*  insignificant  in  the  ecosy^lem. 

srrcira  and  sitx:ificity 

Since  flic  appearance  of  the  first  organism  on  earth  some  4,000  mil- 
lion years  ago,  al>out  1>9  percent  of  all  s]x*oies  have  lecome  extinct. 
Gradually,  species  after  s|>eciea  has  been  replaced  by  those  letter 
adapted  to  the  new  environmental  conditions  which  also  have  been 
continually  changing.  The  evolutionary  process  and  the  development 
of  new  sjKvies  take  thousands  of  years:  a slow  process  and  especially 


The  food  tech  f*  « complex  network  through  \rhirh  energy  p asses  from  plants  to 
hcrliorcs  and  oh  to  carnivore*  %eith(n  a btologlcal  community.  This  tech  tho ic- 
ing some  of  the  plant*  and  animats  fa  o t^ong  Island  estuary  and  along  the 
urarby  shore  yeas  rfrrcfopcrf  Dennis  Puleston  of  the  flroolhaten  Satlonal 
Laboratory.  Sumbrr*  indicate  residue  s of  OPT  and  It*  derivatives  (f«  parts 
per  tall  Hon,  yeet  freight,  whole-body  IxjjM)  found  in  the  course  of  a study  made 
by  the  author  with  Charles  F . Wurster , Jr.,  and  Peter  A.  tssacson. 
Permission  to  use  granted  by  The  Scientific  American.  WoodKett,  <).  J/.’ 

Toxfr  Substances  and  Fcotoglcat  Cyrtcs.  The  Srientl/te  American . lt$:  Yol.  2t6> 
\ larch  19€7. 
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slow  relative  to  man's  life  span,  Today  an  estimated  2 million  plant 
and  animal  sjxviefl  exist  on  earth.  Most  of  these  sjxvics  are  found  in 
the  favorable  tropical  regions  with  fewer  species  existing  in  the  tern* 
Iterate  regions  and  only  a few  able  to  endure  the  harsh  |K>lar  climates, 
Xo  one  knows  how  many  of  these  estimated  2 million  s|>ecies  ate 
necessary  in  man's  environment  for  his  survival  and  welfare.  Cer 
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tainly  ho  c-annot  survive  with  only  his  crop  plants  and  domesticated 
animals.  Most  natural  species  interact  in  maintaining  a functional 
life  system.  Understanding  the  biology  of  the  life  system  is  most,  diffi- 
cult because  of  vast  numbers  of  species  and  the  complexity  of  their 
interactions.  Current  knowledge  suggests  great  caution  in  evaluating 
the  worth  of  a particular  species. 

There  is  a pattern  of  basic  characteristics  common  to  all  organisms, 
including  a genetic  code,  a reproductive  system  and  a structure  pri- 
marily dependent  upon  carbon,  oxygen,  hydrogen,  and  nit  rogen.  These 
characteristics  plus  the  basic  requirements  of  life  (energy,  matter,  and 
a suitable  environment)  form  a set  of  similarities  which  are  applicable 
to  all  forms  of  life. 

The  study  of  plant  and  animal  classification  has  revealed  both  simi- 
larities and  specificity  in  organisms.  Each  species  is  a unique  biochem- 
ical entity;  therefore,  species  react  to  each  pesticide  in  a different 
manner. 

The  ancestral  system  of  life  and  the  various  lineages  proride  a 
recognized  organization  and  pattern  for  life  in  general  and  species 
groups  in  particular.  The  more  similar  the  species  group,  the  more 
likely  its  members  will  respond  to  environmental  factors  in  a like 
manner. 

PESTICIDES  AND  TOXICITY 

Approximately  000  chemicals  are  registered  with  the  USDA-PRD 
as  pesticides  for  \tse  against  about  2,000  pest  species.  The  estimated 
200,000  nontarget  species  in  the  United  States  respond  in  divers©  ways 
to  the  toxicity  of  these  chemicals.  In  some  cases,  litt  le  or  no  permanent 
harm  is  done  as  with  many  of  the  chemical  repellents  and  attractants. 
With  other  |>esticides,  however,  the  effect  upon  nontnrget  organisms 
may  bo  as  severe  (in  some  cases  with  DDT)  as  against  the  target  or- 
ganisms. Of  vital  consideration  is  the  fact  that  the  vulnerable  non- 
target organisms  are  often  of  value  to  this  particular  ecosystem. 

In  general,  each  i>oison  has  more  than  one  mode  of  action;  how- 
ever, in  most  cases  the  inodes  of  actions  of  the  |>esticide  against  target 
organisms  are  only  partially  known.  Even  less  is  known  al>out  the 
actions  in  nontarget  organisms.  Even  if  the  target  pathophysiology 
of  a chemical  wore  known,  its  effect  on  nontarget  organisms  may  bo 
quite  different  due  to  the  differences  between  species.  For  example, 
DDT,  DDE,  and  DDD  are  thought  to  act  as  a nerve  poison  on  most 
insects,  but  in  some  birds  DDE  especially  influences  their  physiology 
of  egg  production,  and  causes  thin  egg  shells. 

Until  the  mode  of  |>esticide  action  is  completely  known  and  the 
differing  responses  of  species  and  individuals  are  understood,  it  will 


continue  to  be  impossible  to  generalize  on  either  the  pathophysiology 
or  populat  ion  effects  of  pest  icides  on  other  target  and  nontarget  species, 
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Routes  of  Fxrosuio: 

This  section  of  the  report  will  deal  with  various  aspects  of  manu- 
facturing, transportation,  and  distribution  of  pesticides  wherein  leaks, 
spills,  and  waste  disposal  are  potential,  and  sometimes  documented, 
sources  of  environmental  pollution;  hence,  exposure  of  nontarget 
organisms. 

Manufacturing  of  tin ? active  ingredient . 

Any  leakage  which  occurs  may  or  may  not  be  intercepted  by  “fail- 
safe” effective  traps.  This  “leakage”  is  usually  slow  and  the  contribu- 
tion of  pollution  to  air  or  water  may  be  of  an  inconsequential 
magnitude;  but  with  today's  technology,  detection  systems  can  be  de- 
signed to  monitor  such  losses.  Materials  which  are  toxic,  or  less  degrad- 
able materials  which  tend  to  accumulate  in  food  chains,  require  and 
generally  receive  more  rigorous  surveillance  and  control  so  that  leak- 
age, if  not  eliminated,  is  trapped  or  imi>onnded  for  subsequent  waste 
treatment  procedures. 

There  is  a greater  pollution  hazard  when  manufacturing  requires 
direct  contact  between  processing  water  and  the  pollutant  because 
much  of  this  processing  water  returns  to  the  stream,  I f the  intervening 
steps  (extraction,  neutralization,  decomposition,  biodegradation,  ad- 
sorption, etc.)  for  removal  of  contaminants  from  the  water  are  inade- 
quate to  lower  the  pollutant  to  an  acceptable  level,  then  this  waste 
water  is  troublesome  and  expensive  to  deal  with  (sec  waste  disposal 
paragraph  below).  Improved  processes  and  engineering  systems  which 
require  the  use  of  less  water  for  washing  extraction  and  cooling  are 
being  developed  for  modern-day  plants. 

Accidental  spills  or  sudden  releases  of  contamination  to  the  water 
or  air  contrast  with  leakage  which  is  slow,  continuous  and  less  obvious. 
Methods  of  interception  are  important  to  contain  and  confine  hazard- 
ous materials  in  the  event  of  an  accidental  release  or  spill.  Intercep- 
tion systems  may  he  simple  and  obvious,  such  as  dikes  around  storage 
tanks  or  separate  sewerlines  leading  to  special  impoundments.  In 
some  cases  elaborate  systems  may  be  installed  to  prevent  escape  of 
contaminated  liquid,  dust,  or  vapor  from  enclosed  buildings.  The  rela- 
tive hazard  presented  by  the  materials  must  be  a prime  consideration 
in  the  design  and  operation  of  any  manufacturing  plant. 

Formulating  plants  are  confined  largely  to  mixing,  blending,  and 
packaging  operations  and  are  generally  less  complex  than  mamifac- 
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turing  plants;  because  of  tliis,  less  demanding  of  skill  and  sophistica- 
tion, Leaks  and  spills  are  as  likely,  and  perhaps  more  likely , than  from 
manufacturing  plants  but  the  total  quantity  which  potentially  could 
be  released  to  the  environment  at  one  time  would  be  less  than  a similar 
accidental  release  from  a primary  manufacturing  plant,  There  are 
more  formulating  plants,  less  specialized  and  handling  smaller  vol- 
umes compared  to  manufacturing  plants  where  “economy  of  scale” 
permits  large  and  specialized  operations.  Chemical  and  biological 
waste  disposal  techniques  have  proven  successful  for  a large  variety 
of  compounds;  others  are  more  resistant  to  degradation.  Incineration 
of  solid  and  heavy  liquid  wastes  is  a procedure  now  being  used  more 
extensively,  Effluent  stack  gases  are  further  scrubbed  to  remove 
troublesome  vapors.  Deep  well  disposal  of  waste  is  a method  gaining 
In  popularity,  but  this  method  is  not  without  substantial  risks.  A 
thorough  knowledge  of  the  geological  structure  and  the  nature  of 
material  to  be  pumped  into  the  well  is  essential  to  avoid  escape  of 
these  wastes  from  the  intended  strata, 

Transportation  of  the  Pesticide  or  Formulations  Thereof 

Environmental  pollution  which  occurs  during  transportation  re- 
sults from  defective  packages  or  from  rupture  and  consequent  spills. 
Design  of  the  package  adequate  to  survive  rough  handling  during 
transport-  is  an  important  way  to  minimize  this  type  of  accidental 
pollution.  Corrosion  also  leads  to  failure  of  the  container,  particularly 
when  long  periods  of  storage  are  involved.  This  can  he  prevented  by 
selection  of  a suitable  container  but  the  costs  are  higher.  Serious  in- 
stances of  spills  and  leaks  during  transportation  have  been  reported. 

Market  Distribution 

Leaks  and  rupture  of  packages  while  in  the  stocks  of  distributors 
and  dealers  are  directly  related  to  package  design  and  care  in  han- 
dling. Generally  the  incidents  that  happen  while  in  the  hands  of  dis- 
tributors or  dealers  contribute  little  to  the  overall  contamination  of 
the  environment,  Obsolete  stocks  can  range  from  small  packages  sold 
in  hardware  stores  and  garden  centers  to  drum  quantities  sold  by 
distributors  and  dealers. 

Disposal  of  old  stocks  and  disposal  of  used  but  dreg-laden  containers 
does  present  a practical  problem  which  requires  better  practices. 
Stocks  or  containers  indiscriminately  discarded  constitute  an  acute 
toxicity  hazard  to  the  people  nearby  and  also  serve  as  a source  of 
pollution  as  rain  washes  any  liberated  pesticides  into  the  drainage 
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water.  Few,  if  any,  communities  have  adequate  means  of  destroying 
large  quantities  of  toxic  materials  in  municipal  waste  disposal  sys- 
tems. For  the  small  quantities  of  pesticides  involved  in  wastes  from 
urban  homeowner  use  including  those  adhering  to  empty  containers, 
burial  in  an  approved  sanitary  laiidiill  appears  to  oiler  reasonable 
protection  to  nontarget  organisms.  If  wrapped,  to  discourage  animals 
or  children  from  removing  them,  and  the?]  placed  in  trash  cans  for 
collection  by  municipal  authorities,  they  should  find  their  way  into 
incinerators  or  suitable  landfills.  Pesticides  should  not  be  flushed  down 
sanitary  or  storm  sewers. 

Under  rural  conditions,  burial  away  from  water  supplies  is  the  best 
available  method  to  dispose  of  such  waste  and  small  used  containers. 
Larger  containers  can  he  handled  by  professional  drum  reconditioners 
Improved  methods  of  waste  and  container  disposal  are  deserving  of  in- 
creased emphasis  and  support. 

Classes  of  Applicators 

1.  Homeowners  and  amateur  gardeners  purchase  small  packages 
and  are  largely  instructed  through  labels,  leaflets,  books  and  articles, 
and  assistance  from  the  dealer  who  sells  the  product.  The  extension 
service  as  well  as  State  agencies  conduct  programs  to  instruct  the 
homeowner  but  it  is  difficult  to  instruct  this  class  of  user  in  a meaning- 
ful way.  The  large  majority  of  homeowners  are  not  discriminating 
in  the  selection  and  use  of  pesticides.  It  is  difficult  and  expensive  for 
both  the  manufacturers  and  dealers  to  educate  the  homeowner  beyond 
the  most  rudimentary  aspects  of  proper  use  and  disposal  of  unused 
materials.  Convenience  in  application  requires  special  packaging  and 
application  devices,  and  these,  coupled  with  formulation  techniques, 
can  lead  to  more  sparing  use  of  pesticides.  The  homeowner  needs  ma- 
terials which  cannot  pose  a threat  to  his  safety  nor  introduce  harmful 
pollutants  into  the  environment. 

The  typical  urban  housing  development  is  not  a natural  environ- 
ment for  any  major  part  of  the  biota  and  thus  any  damage  done  by 
the  use  of  pesticides  is  local  in  nature.  The  same  may  not  be  true  in 
larger  estates  or  even  suburban  residential  areas  of  relatively  low 
housing  density.  In  such  situations,  the  total  effect  of  pest  control 
activities  by  many  homeowners  may  have  a significant  effect  on  birds 
and  soil  organisms.  Use  of  weedkillers  can  cause  significant  damage 
to  neighboring  sensitive  plants. 

2.  Ornamental  trees  deserve  special  mention.  It  is  difficult  for  the 
homeowner  to  do  an  effective  job  of  spraying  a large  tree.  Usually  a 
commercial  spray  service  will  be  employed.  Whether  around  the 
home,  or  around  municipal  parks  and  streets,  trees  are  prized,  and 
especially  when  they  are  threatened.  Budgets  for  preventive  measures 
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are  usually  restricted,  lienee  low  cost  pest  control  is  stressed.  The 
combined  pressures  of  citizen  concern,  costs,  and  urgency  to  save  the 
trees  often  promotes  overuse  of  less  costly  and  more  persistent  ma- 
terials, particularly  DDT.  Golf  courses  receive  intensive  application 
of  pesticides,  on  greens  particularly, 

3,  Pest  control  as  it  applies  to  structures  (termites,  ants,  etc.),  fumi- 
gation and  sanitation  in  manufacturing  plants,  and  specific  pest  control 
problems — generally  in  urban  environments — is  practiced  by  a trade 
generally  known  as  pest  control  operators.  The  successful  ones  are 
usually  knowledgeable  and  in  many  cases  licensed  under  municipal 
or  State  laws.  This  class  of  applicator  is  in  a good  position  to  under- 
stand the  economics,  limitations  and  hazards  sufficient  to  select  and 
uso  pesticides  properly  and  minimize  environmental  pollution.  Struc- 
tural pest  control,  if  done  by  well-trained  and  careful  operators,  is  not 
apt  to  expose  the  natural  biota  because  pesticides  are  directed  to  areas 
in  and  adjacent  to  buildings  where  little  natural  wildlife  is  found.  As 
always,  the  disposal  of  used  containers  and  waste  mixes  presents  a 
problem.  Leaching  or  erosion  of  soil  treated  for  termite  control  may 
present  a hazard  to  surface  and  ground  water.  Recognized  and  ac- 
cepted practices  to  minimize  this  hazard  have  been  developed. 

4.  In  1064, 42  percent  of  all  pesticides  produced  in  the  United  States 
that  year  were  used  in  agriculture.  The  remainder  went  for  export 
and  for  domestic  nonagricultural  purposes.  Of  the  agricultural  use, 
03  percent  of  the  volume  was  used  in  treating  crops,  3 percent  for 
livestock,  and  4 percent  for  other  agricultural  use.  Many  large  agri- 
cultural operators  employ  contract  applicators  and  aerial  sprayers. 
Others  purchase  specialized  equipment  for  more  effective  and  eco- 
nomical application.  Smaller  growers  vary  widely  in  their  practices. 

Use  on  farms,  including  orchards,  is  commonly  considered  to  be 
the  most  important  source  of  pollution  of  the  soil.  Much  farm  use 
involves  soil  treatment,  or  application  by  coarse  sprays,  but  there  is  also 
si  large  amount  by  aerial  application,  mist  spray,  or  dust.  Determi- 
nations of  spray  patterns  have  indicated  that  only  about  half  of  the 
pesticides  applied  by  air  or  by  mist  sprays  reach  the  soil  directly 
under  the  application.  Some  of  the  remainder  is  retained  on  plants 
for  variable  periods  of  time  before  it  reaches  the  soil  as  residues  on 
foliage.  There  is  evidence  of  drift  of  herbicides  for  several  miles 
and  there  is  no  satisfying  data  on  how  much  becomes  relatively 
permanently  airborne.  Neither  is  there  any  information  on  how  much 
reaches  the  air  through  vaporization,  “codistillation,”  or  wind  ero- 
sion of  soil,  though  it  lias  been  speculated  that  all  three  methods 
may  be  important.  The  relative  importance  of  farm  uses  as  sources 
of  contamination  of  air  and  water  remains  largely  speculative  based 
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upon  volume  of  use  and  some  meager  evidence  of  the  relative  con- 
tribution of  pollution  to  streams  flowing  through  farmland  and 
urban  areas. 

Livestock  and  poultry  raisers  use  a variety  of  pesticides.  Pollu- 
tion of  the  environment  from  this  source  contributes  little  pollution 
burden  with  one  possible  exception,  that  of  dipping  vats  or  spray 
tanks.  When  these  vats  or  tanks  are  emptied  and  cleaned  they  have 
been  known  to  contribute  harmful  concentrations  of  pesticides  into 
streams. 

Many  of  the  forest  areas  of  the  United  States  are  managed  under 
Federal  supervision.  Large  tracts,  however,  are  privately  owned.  In 
either  case,  the  management  of  forest  pests  has  involved  widespread 
applications  of  pesticides  and  documented  cases  of  environmental 
pollution.  Control  of  pests  of  shade  and  ornamental  trees  as  well  as 
those  of  forests  is  a rather  direct  hazard  to  birds  and  related  forest 
biota.  Direct  hazards  to  the  aquatic  environment  usually  are  minimized 
by  avoiding  lakes  and  larger  streams.  It  is  impractical  to  avoid  small 
streams  and  there  is  always  the  possibility  of  drift  and  surface 
erosion.  Ordinarily  such  applications  are  not  necessary  on  an  annual 
basis  so  them  is  some  opportunity  of  recovery  of  natural  biota  between 
applications,  depending,  of  course,  on  the  persistence  of  the  pesticide 
and  the  frequency  of  application.  Economic  constraints  are  severe  and 
aerial  application  is  required  for  widespread  insect  control. 

5.  State,  Federal,  and  other  governmental  pest  programs  conducted 
for  control  or  quarantine  purposes  are  directed  at  destructive  agri- 
cultural and  forest  pests.  In  addition,  pesticide  applications  am  made 
to  control  disease-carrying  insect  vectors,  particularly  mosquitoes  (as 
for  yellow  fever,  encephalitis,  and  malaria).  If  these  are  applied  only 
as  residual  treatment  of  interior  surfaces,  little  environmental  con- 
tamination results.  Insect  abatement  districts  arc  commonly  estab- 
lished on  a county  or  regional  basis  in  order  to  reduce  the  nuisance  of 
jnosquitoes.  Noxious  weeds  are  also  the  object  of  governmental  con- 
trol programs.  Economic  constraints  arc  a major  factor  in  the  choice 
of  methods  and  materials.  Larvicidal  treatments  for  mosquito  control 
require  direct  treatment  of  water  with  the  pesticides.  If  the  materials 
used  are  persistent  (which  favors  effective  mosquito  control  and  less 
cost),  there  is  n high  probability  of  pollution  of  the  environment  and 
exposu re  of  nontarget  aquatic  organisms. 

Organized  mosquito  control  involves  two  very  distinctive  ap- 
proaches: larval  control  and  adult  control.  With  the  exception  of 
domestic  mosquitoes  such  as  Acdes  acgypfi,  larval  control  presents 
hazards  to  certain  noutarget  organisms  in  the  aquatic  environment 
whether  it  is  done  by  the  application  of  insecticides,  the  control  of 
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weeds  by  herbicides,  or  even  by  water  management  by  drainage  or 
level  control.  With  each  of  these  techniques,  the  safeguards  lie  in  the 
careful  selection  of  chemicals,  control  of  dosage,  and  timing  of  oper- 
ations. Evening  or  nighttime  operations  minimize  exposure  to  polli- 
nating insects  and  to  birds.  Fogging  or  mist  sprays  for  adults  depend 
upon  small  particle  size  which  may  increase  the  contamination  of  air, 

Governnieiitally  sponsored  control  operations  to  prevent  the  spread 
of  pests  or  to  eradicate  infestations  under  certain  conditions  often 
result  in  heavy  rates  of  application  of  pesticides  in  an  effort  to  achieve 
100  percent  control.  Ideally,  such  applications  are  pinpointed  to 
specific  areas  of  infestation  and  arc  restricted  to  one  or  a very  few 
applications,  both  of  which  tend  to  localize  the  exposure  of  natural 
biota.  Large-scale  agricultural  or  community  health  programs,  on 
the  other  hand,  tend  to  involve  larger  areas  at  a specific  time  than 
do  private  control  operations. 

6.  A growing  volume  of  pesticide  is  being  applied  by  commercial 
applicators  who  are  hired  to  make  applications  for  home  owners, 
growers,  governmental  units,  road  commissions,  etc.  Aerial  applica- 
tion of  insecticides,  brush  control  along  utility  rights  of  way,  weed 
control  along  roads  and  railroads,  mosquito  control  and  forest  insect 
control  are  examples  of  spray  applications  commonly  made.  In  urban 
areas  commercial  sprayers  perform  this  service  for  homeowners  in- 
cluding mosquito  control,  ornamental  pest  control,  weed  control  hi 
lawns,  and  a variety  of  other  procedures  around  the  premises, 

7,  The  final  class  of  applicator  mentioned  here  is  associated  with  a 
manufacturing  or  treatment  plant  wherein  the  pesticide  is  deliberately 
applied  to  the  processed  article  in  order  to  prevent  subsequent  attack 
by  insects,  rodents,  molds,  bacteria,  marine  organisms,  etc.  This  may 
involve  fabric  treatment  (moth,  or  mold  proofing),  wood  treatment 
(insects,  fungus,  marine  borers),  preservatives  and  antifoulants  for 
paints  and  coatings  (marine  paints  included).  As  with  manufacturing 
and  formulating  of  pesticides,  leaks,  spills,  and  waste  disposal  asso- 
ciated with  treatment  plants  present  a hazard  to  nontarget  organisms. 
The  escape  of  the  pesticides  from  the  treated  articles  or  coating  is  not 
known  to  have  contributed  significantly  to  environmental  pollution 
with  the  |>ossible  exception  of  antifoulant  paints  where  sand  blasting 
prior  to  repainting  has  transferred  particulate  matter  to  water  and 
muds. 

Methods  of  application  whereby  pesticides  enter  the  environment 

1.  Fumigation  of  enclosed  space  (chambers,  vaults,  sealed  struc- 
tures, and  space  enclcsed  by  impervious  tarps)  involves  the  use  of  toxi- 
cants which  are  volatile,  penetrate  rapidly,  escape  rapidly  when  re- 
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leased  and  do  not  leave  objectionable  or  toxic  residue.  The  quantities 
used  are  small  compared  with  other  common  pesticides.  The  released 
gases  eseapo  to  the  atmosphere  blit  qiuuititat  ively  contribute  little  to  ail* 
pollution  at  today’s  usage  levels.  Nontaiget  organisms  are  not  harmed 
unless  accidentally  confined  within  the  enclosed  space. 

2.  Applications  of  pesticides  to  soil  range  from  mass  treatment  at 
one  extreme  wherein  large  volumes  of  soil  are  exposed  to  the  pesti- 
eide,to  seed  furrow  treatment  where  the  pesticide  is  confined  to  a small 
fraction  of  the  total  soil  mass.  Between  these  extremes  is  a wide 
variety  of  application  methods  designed  to  match  the  pesticide  proper- 
ties with  the  vulnerability  of  the  target  organism  and  to  do  so  without 
damaging  the  desired  plants. 

a.  Volatile  liquids  and  gases  arc  employed  for  the  control  of 
pests  in  soil,  particularly  nematodes.  Soil  used  for  seedbeds  may  be 
treated  for  weed,  fungus,  and  insect  control.  The  volatility  of  methyl 
bromide  requires  that  a tarp  be  used  to  prevent  escape  of  the  gas.  Less 
volatile  liquid  fumigants  such,  as  l,3-dichloropropcnc-l,3  dichloro- 
propanc  mixtures  or  ethylene  dibromide  arc  applied  by  preplant 
application  using  chisel  or  plow  applicators  after  which  the  toxicant 
slowly  diffuses  through  the  top  12-24  inches  of  soil  depth  (if  the  plow 
soil  is  broken  up,  it  is  possible  to  achieve  greater  depths  of  penetration) 
to  reach  tho  nematodes.  Volatile  liquids  (1,2-dibromo-H-chloropro- 
panc  for  example)  which  arc  less  phytotoxic  to  growing  plants  can  be 
applied  by  side  dressing  using  chisel  applicators  or  by  irrigation  with 
water  containing  accurately  metered  concentrations  of  the  pesticide. 
Nontarget  organisms  arc  also  affected  throughout  the  exposed  soil 
mass. 

In  time,  ranging  from  a few  horn's  to  a week  or  more,  the  volatile 
fumigants  will  disappear  from  the  soil.  Effects  on  soil  organisms  do 
not  hist  beyond  1-3  years*.  Fumigants  containing  bromine  such  as 
methyl  bromide  or  ethylene  dibromidc  leave  a bromide  residue  in  soil 
which  can  be  absorbed  by  certain  plants  and  become  incorporated  in 
feed  or  food.  Growing  peanut  plants,  for  example,  arc  unusual  in  their 
ability  to  transfer  bromide  ion  from  tho  soil  to  the  foliage.  Only  a 
small  fraction  of  the  total  enters  the  nuts.  Cows  fed  peanut  hay  trans- 
fer bromide  to  the  milk.  For  this  reason,  bromine  containing  fumigants 
arc  not  registered  for  use  in  soil  where  peanuts  arc  to  he  grown,  A more 
detailed  discussion  concerning  soil  fumigants  will  he  presented  in  a 
later  section  on  ncmatocidcs. 

b.  The  use  of  water  as  a transport  vehicle  to  permeate  tire  soil 
mass  and  reach  subsurface  target  zones  was  mentioned  above  relative 
to  the  volatile  nematocidc  l,2-dibromo-3-cliloropropane.  Other  water- 
soluble  materials  can  be  applied  in  this  way  but  the  practice  is  very 
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limited.  Careful  metering  and  timing  is  required  to  prevent  over* 
dosage  or  tmderdosage.  Moreover,  soils  with  high  sorptive  capacity 
(organic  and  clay  soils)  restrict  uniform  penetration  of  the  active  in- 
gredient throughout  the  soil  mass.  Sandy  soils  with  low  sorptive 
capacity  are  most  adaptable  because  a comparatively  even  penetration 
of  the  dissolved  pesticide  advances  throughout  the  sand  with  the 
carrier  water. 

c.  Mechanical  mixing  of  pesticides  into  the  soil  mass  to  achieve 
uniform  distribution  is  a specialized  method  bvit  not  widely  practiced. 
Vigorous  mixing  or  rotary  tilling  is  required.  Roth  solubility  and  vola- 
tility are  physical  properties  which  aid  penetration  beyond  the  original 
zone  of  deposition  and  this  results  in  greater  exposure  of  the  soil  mass. 
Insoluble  materials  move  very  slowly  beyond  the  point  where  they 
are  mechanically  deposited. 

d.  Seed  furrow  treatment  is  more  commonly  practiced  with  insect- 
icides and  fungicides.  Sprays,  dusts,  or  granules  can  be  incorporated 
during  the  planting  operation.  Proximity  of  the  pesticide  to  the 
planted  seed  can  be  regulated  by  positioning  the  pesticide  entry  rela- 
tive to  the  planter  shoe,  regulation  of  rates  of  addition,  and  turbulence 
of  the  returning  treated  soil  as  the  seed  is  deposited  and  the  furrow 
closed.  (Furrow  treatment  may  also  be  combined  with  pre- emergent 
surface  treatment  to  be  described  below.)  Furrow  treatment  results  in 
high  local  concentrations  limited  to  n very  small  fraction  of  the  soil 
mass,  The  zone  treated  is  selected  to  control  destructive  organisms 
during  germination  and  early  growth  stages  of  the  seedling, 

e.  In  highly  specialized  situations  it  may  be  desirable  to  establish 
barriers  to  pesticides  to  prevent  movement  of  organisms  into  and 
through  nncontaminated  areas.  Harriers  have  been  applied  to  prevent 
the  spread  of  nematodes  to  adjoining  citrus  groves  and  to  prevent  the 
invasion  of  structures  by  termites.  The  applied  concentrations  are  high 
to  afford  lasting  protection. 

‘h  Granules  and  pellets  afford  a means  of  controlled  mechanical 
application  of  pesticides  without  excessive  airborne  drift  beyond 
the  desired  area  treated.  Granules  can  he  applied  from  ground  or 
aerial  equipment.  Rates  of  release  of  pesticide  from  the  granule  can 
he  regulated.  In  some  cases,  as  with  granular  application  of  insecti- 
cides, it  is  desirable  to  hind  the  pesticide  more  lightly  to  the  carrier 
substance  thereby  limiting  the  exposure  to  direct  contact  by  the  insect. 
In  other  cases,  the  granular  or  pellet  composition  is  designed  for  release 
and  transference  of  the  contained  pesticide  to  the  soil.  Subsequent 
movement  depends  upon  the  solubility  and  sorption  of  the  ingredients. 
Granules  arc  quite  commonly  used  for  the  application  of  insecticides 
to  soil  and  turf,  There  is  growing  use  of  granular  and  pellet  applica- 
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tion  of  herbicides  for  selective  control  of  deep  rooted  perennials  and 
woody  plants.  Granules  are  used  for  general  vegetation  control  around 
industrial  sites,  tank  farms,  railroad  yards,  highways  and  areas  where 
complete  avoidance  of  vegetation  is  desired.  The  use  of  granules  by 
homeowners  for  lawn  care  involves  a variety  of  formulations  and 
combinations  of  pesticides  with  plant  nutrients.  Dense  granules  and 
pellets  are  used  as  carriers  for  aquatic  herbicides  where  bottom  treat- 
ment is  desired.  In  aquatic  application,  nontarget  organisms  are  ex- 
posed to  high  concentrations  in  the  direct  vicinity  of  the  granule. 
Beyond  that,  trace  amounts  of  the  liberated  pesticide  would  be 
encountered  unless  the  material  is  rapidly  hydrolyzed  and  degraded. 
Granular  and  pellet  application  offer  the  advantages  of  localizing  the 
toxicant  and  minimizing  direct  contact  of  nontarget  organisms. 

Granules  can  be  applied  where  they  are  directed  but  subsequent 
washing  rains  can  cause  surface  movement  of  the  granules  (partic- 
ularly on  light  weight  carriers)  but  such  incidents  are  not  commonly 
encountered  unless  applications  have  been  made  to  embankments  and 
slopes.  Once  the  pesticide  is  released  from  the  granule  the  potential 
influence  on  nontarget  organisms  follows  the  same  principle  of  move- 
ment, degradation  and  fate  regardless  of  the  method  of  application. 

4.  The  treatment  of  seed  for  the  control  of  insects  and  soil-born 
pathogens  is  commonly  practiced.  The  hazard  to  nontarget  organisms 
is  of  minor  significance  once  the  seeds  have  been  planted.  The  chief 
hazard  of  seed  treatment  results  from  accidental  consumption  by  farm 
animals  or  poultry.  The  disposal  of  surplus  treated  seed  poses  a possi- 
ble hazard  if  a grower  should  take  the  irresponsible  measure  of  selling 
treated  seed  in  regular  channels  of  trade. 

Analytical  procedures  are  sensitive  enough  to  detect  this  kind  of 
violation  even  where  treated  seed  grain  is  blended  with  untreated 
grain.  Tiie  greatest  hazard  is  to  livestock  and  poultry  and  no  environ- 
mental hazard  from  the  disposal  of  such  seed  is  created  unless  treated 
grain  is  dumped  where  wildlife  eat  it. 

In  England,  the  death  in  1960  and  1961  of  large  numbers  of  birds 
such  as  wood  pigeons,  pheasants,  rooks,  and  chaffinches  and  a few 
mammals  including  foxes  and  hares  was  attributed  to  cereal  seed 
dressings  containing  aldrin,  dicldrin,  and  hcptachlor.  Voluntary  re- 
ductions in  the  use  )f  these  materials  as  seed  treatment  were  followed 
by  a considerable  reduction  in  the  number  of  reported  bird  deaths. 

Beforestation  is  difficult  without  taking  measures  to  protect  seeds 
and  seedlings.  Bepellants  and  toxicants  have  been  employed  to  dis- 
courage or  kill  mice  in  particular.  Seed  treatments  have  not  met  with 
uniform  success.  This  practice,  however,  does  not  produce  significant 
hazards  to  wildlife. 
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5.  Dispersion  of  pesticides  via  sprays  and  dusts  is  the  most  common 
method  of  application.  The  purpose  is  to  achieve  an  effective  control 
of  the  pest  with  the  minimum  cost. 

a.  High  volume  spiays  with  larger  droplets  (or  granules  as  de- 
scribed above)  can  be  better  and  more  accurately  directed  to  the  target. 

b.  Low  volume  applications  involve  a small  droplet  size  or  ex- 
tremely small  particles  which  cover  well  but  drift  easily  in  air  currents 
and  wind. 

c.  Invert  emulsions  and  particulate  gels  have  been  employed  to 
a limited  extent  to  control  particle  size  and  reduce  the  fine  droplets 
and  thereby  prevent  spray  drift  of  highly  potent  herbicides. 

A wide  variety  of  ground  and  aerial  equipment  is  available  but 
additional  research  on  effective  formulation  distribution  and  place- 
ment would  substantially  help  to  optimize  integrated  control  pro- 
cedure. In  addition,  more  effective  placement  would  reduce  the  quanti- 
ties of  pesticides  needed  to  control  the  pest. 

6.  Aerosols,  even  more  than  sprays  and  dusts,  are  easily  carried  far 
beyond  the  intended  target  by  wind  and  convection  currents.  In  finely 
divided  form,  the  pesticide  can  more  easily  vaporize  and  contaminate 
the  atmosphere. 

Household  aerosols  likewise  introduce  fin  * droplets  into  the  room 
air.  This  requires  materials  which  are  safe  if  inhaled  by  man.  The 
quantities  that  escape  are  comparatively  small,  however*  and  have 
little,  if  any,  effect  outside  of  the  immediate  area  sprayed. 

7.  The  terminal  operation  associated  with  application  involves 
clearing  of  tanks  and  equipment,  disposal  of  empty  containers  and 
occasional  disposal  of  packages  which  are  no  longer  useful.  Washing 
these  materials  into  streams  and  sewers  can  contribute  damaging  levels 
of  pollution  and  serious  local  effects  on  aquatic  organisms.  As  stated 
earlier,  this  is  a recognized  problem  but  one  not  yet  solved  in  a totally 
satisfactory  manner. 

In  general,  the  major  significance  to  the  environment  of  pesticides 
used  in  and  around  h >mes  is  associated  with  the  disposal  of  wastes. 
Used  containers,  surplus  mix,  and  unwanted  concentrates  are  apt 
to  be  rinsed  down  the  drain,  dropped  in  the  garbage,  or  left  on  the 
soil  or  gutter  to  be  washed  down  the  storm  sewer.  There  is  no  good 
way  to  dispose  of  such  wastes.  The  most  practical  method  today  is 
to  place  them  in  the  garbage  if  municipal  wastes  will  be  disposed  of 
in  a properly  operated  and  located  sanitary  landfill  or  an  effective 
incinerator.  The  pesticide  that  goes  through  the  sewage  treatment 
plant  will  end  up  either  in  the  sludge  or  in  the  effluent  to  some 
stream,  as  does  that  that  goes  down  the  storm  sewer.  In  either  case, 
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it  becomes  a part  of  the  pollutants  in  <he  aquatic  environment.  Any 
surplus  diluted  mix  (lumped  on  the  ground  lias  the  possibility  of  being 
decomposed  by  soil  biota,  retained,  absorbed  in  the  soil,  or  washed 
by  surface  erosion  into  storm  sewer>  and  thus  into  the  aquatic 
environment. 

Wasteful  application  of  pesticides  and  t lie  inadequate  disposal  of 
wastes  continue  to  be  the  two  most  iiu]K>rta»t  sources  of  pollution 
regardless  of  the  nature  of  the  jiest  control  program. 

In  each  of  the  steps  (manufacturing,  formulation,  packaging,  trans- 
portation, distribution),  the  attitudes  of  management  and  operating 
personnel  have  varied  widely.  Some  hue  been  diligent  in  the  control 
of  pollution,  others  have.  not.  When  tin  perator  or  owner  is  under 
heavy  economic  pressure,  thsre  is  a term  unf  ion  to  cut  corners  in  order 
to  induce  costs.  More  effective  nmnif  i waste  effluents  will  help 

to  identify  the  offenders. 

The  applicator  is  a key  factor  in  tal  series  of  events  which 
governs  the  magnitude  and  nature  of  environmental  pollutior  by 
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The  principal  classes  of  pesticide 
a iv  listed  in  this  section.  For  ca 
dealing  with  tli?  general  extent  m 
pesticides  on  target  organisms  il 
examples  of  the  impact  on  noutaig 
jK>ssihle  to  summarize  all  of  the  a wuiauit*  Memture  in  this  report 
but  an  overview  of  the  non  target  effects  is  presented. 

Many  funghiJc*  involve  heavy  metals  such  as  copper,  zinc,  or 
mercury,  often  in  an  organic  molecule,  though  inorganic  salts  of 
copper  and  zinc  arc  still  used  in  significant  quantities  (as  plant  nutri- 
ents as  well  as  fungicides).  Elemental  sulfur  accounts  for  by  far  t lie 
greatest  volume  of  fungicides;  combined  forms  of  sulfur  are  also 
used.  Dithiocarhamates,  phthalimides,  and  cpiinonos  arc  commonly 
used  as  fungicides.  Wood  preservatives,  which  are  at  least  partly 
fungicidal  in  action,  include  creosote,  coal  tar,  pentachlorophenol,  and 
some  chromium  compounds. 

The  wood  preservatives  are  the  only  fungicides  that  are  widely  con- 
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side  rod  as  potentially  hazardous  to  nontarget  organisms  other  than 
mail,  blit  because  of  the  nature  of  their  use,  there  seem  to  be  few,  if  any, 
documented  cases  of  damage.  Similarly,  the  heavy  metals  must  be  con- 
sidered potentially  serious  environmental  pollutants,  but  their  use  is 
rather  restricted  and  so  Huy  are  apparently  adequately  diluted  with- 
out documented  hazards,  except  to  the  host  crop  if  misused. 

Antibiotic*  are  used  in  the  control  of  certain  bacterial  diseases  of 
plants.  There  is  always  some  concern  that  human  exposure  may  result 
in  sensitization  and  conceivably  beneficial  bacteria  could  be  destroyed, 
Xo  other  hazard  to  nontarget  organisms  is  apparent. 

Uerbicidc*%  as  presently  used,  do  not  present  serious  and  widespread 
hazards  (o  nontarget  organisms.  With  few  exceptions,  most  herbicides 
have  a low  order  of  toxicity  to  aquatic  and  terrestrial  animals.  One  of 
these  exceptions  is  sodium  arsenite  which  is  sufficiently  toxic  and  per- 
sistent to  warrant  special  precautions  and  possibly  added  regulatory 
consideration.  Pinoseb  is  rapidly  degraded  but  accidental  contamina- 
tion of  lakes  or  streams  is  hazardous  to  aquatic  organisms. 

The  most  frequently  observed  nontarget  effect  caused  by  herbicides 
results  from  spray  drift  where  sensitive  plants  arc  damaged.  To  a 
smaller  extent,  volatility,  movement  via  soil  run-off  and  carry-over 
from  one  crop  season  to  another  have  caused  damage  to  plants,  shrubs 
or  trees.  This  type  of  damage  can  be  minimized  and  controlled  by 
proper  formulation  and  application.  Secondary  effects  from  massive 
kills  of  aquatic  plants  can  be  serious. 

2,4-P  is  known  to  be  readily  decomposed  by  soil  microorganisms 
and  this  fact-  lias  boon  well  established  by  many  investigators.  In  addi- 
tion a mechanism  for  degradation  of  some  related  compounds  such  as 
4(2,4*dichlorophenoxy)butyric  acid  lo  2,4 -I)  seems  definite. 

Several  organisms  h *ve  been  isolated  from  various  soils  that  can 
utilize  2,4 -P  as  an  energy  source. 

Tho  persistence  of  2,4*1)  in  the  soil  varies  with  environmental  con- 
ditions such  as  the  soil  type,  temperature,  and  moisture.  Field  appli- 
cations  for  weed  control  at  usual  rates  have  Ixun  reported  to  last  from 
2 to  14  weeks. 

2,4*P  breaks  down  quite  rapidly  in  the  soil  under  normal  condi- 
tions and  is  considered  to  Ik*  a t ransitory  herbicide. 

Martin's  review  joints  out  that  2,4-P,  MCPA,  and  2,4,5-T 
disapjioar  in  the  soil  and  that  this  is  caused  chiefly  bv  the  activity  of 
soil  microorganisms.  However,  while  2,4,5-T  breaks  down  in  soil  this 
occurs  at  a much  slower  rate  than  2,4-D.  There  is  considerable  varia- 
tion reported  in  the  time  for  disappearance  of  2,4,5-T  in  soil.  Alex- 
ander and  Aleom  found  2,4,5-T  present  after  205  days  as  shown  by 
ultraviolet  absorption,  Whiteside  and  Alexander  found  no  evidence 


of  a microbial  attack  on  2,4,5-T  as  measured  by  soil  respiration.  They 
also  point  out  in  this  work  that  there  is  no  microbial  effect  of  2,4-D  or 

2,4,5-T  when  applied  at  dosages  used  for  weed  control.  Burger  ct  ah 
reported  complete  disappearance  2,4,6-T  after  103  days  as  shown  by 
a bioassay  test.  Audus  found  complete  detoxification  after  270  days. 
Warren  using  8 lbs.  of  2,4,5-T  in  both  nn  amine  and  ester  formulation 
found  that  both  forms  of  2,4,5-T  disappeared  after  2 weeks  in  a 
farmed  muck  soil.  However,  in  a mineral  soil  while  the  amine  salt  of 

2,4,5-T  disappeared  between  4 and  8 weeks  there  was  evidence  of 

2,4,5-T  activity  from  the  ester  formulation  after  8 weeks.  Woodford 
and  Sngnr  point  out  that  2,4,5-T  decomposes  slower  in  soil  than  2,4-D 
taking  47.5  days  for  80  percent  detoxification  compared  to  16  days  for 
2,4-D. 

There  were  only  a few  references  found  that  referred  to  the  isola- 
tion of  specific  soil  organisms  capable  of  utilizing  2,4,5-T  as  an 
energy  source..  Reid,  however,  also  states  this  was  done  in  his  work 
although  no  specific  organism  was  named. 

2,4,5-T  is  not  usually  considered  to  be  a very  long  lasting  herbicide 
in  the  soil  although  it  is  generally  considered  to  last  2 to  3 times  ns 
long  as  2,4-D. 

There  has  been  a gieat  deal  of  work  done  on  the  effect  of  the 
cMoiophenoxy  acids  upon  the  soil  microflora  and  favina. 

Kratochvil  (£&?)  pointed  out  applications  as  high  as  16  lbs.  2,4,5-T 
per  acre  had  no  significant  effect  on  soil  minoorganisms  as  measured 
by  the  carbon  dioxide  production  of  fronted  soils.  Perhaps  this  can 
best  be  summarized  by  quoting  Audus  “on  the  whole  the  gi^eat 
majority  of  observations  show  that  with  normal  practical  rates  of 
application  there  are  no  adverse  effects  of  the  phenoxy  herbicides  on 
the  total  number  of  microorganisms  in  the  soil.”  While  originally 
published  in  1064,  it  still  seems  to  be  correct.  It  is  of  course  dangerous 
to  say  there  can  bo  no  harmful  effects  on  all  soil  orgr  aisms  but  so  far 
there  seems  to  be  little  practical  hazard. 

There  was  little  work  found  on  the  effect  of  these  herbicides  on 
higher  soil  organisms.  Fox  reported  that  2,M)  did  not  affect  the  num- 
bers of  wirewornis,  springtails,  and  mites  in  a grassland  soil.  Ratchell 
reported  that  2,4-1)  and  MCPA  had  no  effect  on  earthworm  popula- 
tions when  used  at  normal  rates. 

The  rates  of  movement  and  deconn>nsitinn  of  herbicides  in  Foils  is 
highly  dejK'iident  upon  soil  typo,  teni{>erature  and  moisture  levels. 
Organic  matter  and  clay  retard  the  rate  of  leaching  and  organic  mat- 
ter helps  to  accelerate  the  rate  of  microbial  decomposition  of  herbi- 
cides in  soil.  Some  herbicides  are  persistent  enough  to  earn*  over  from 
one  season  to  another  and  adversely  affect  sensitive  crops  planted  in 
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the  second  season.  Although  an  economic  loss  to  the  grower,  this  per- 
sistence has  not  resulted  in  serious  ecological  disturbance.  Trichloro- 
benzoic  acid  and  picloram  are  slou  to  degrade  in  soils  and  tend  to 
leach  to  deeper  soil  horizons.  Specialists  in  wildlife  management  have 
used  selective  herbicides  as  a method  of  habitat  impiovement.  How- 
ever, the  extensive  use  of  herbicides  can  damage  the  habitat  of  wildlife 
by  removing  cover  species. 

The  use  of  herbicides  is  growing  rapidly  because  of  rising  costs  of 
mechanical  methods  of  weed  and  brush  control.  Continued  research 
on  nontarget  effects,  coupled  with  close  observation  of  results  in  the 
field,  will  reveal  early  indications  of  unexpected  ecological  change. 
In  this  connection,  close  observation  of  effects  on  algr.e  and  phyto- 
plankton are  particularly  important. 

Plant  growth  are  closely  related  to  herbicides,  and  in  fact 

are  sometimes  the  same  chemicals  used  to  kill  weeds.  On  the  basis  of 
total  pounds  used  annually,  plant  growth  regulators  are  small  in  vol- 
ume compared  to  herbicides.  Brush  killers  and  agents  for  control  of 
woody  plants  aie  considered  under  the  heibieide  section.  Of  the  ma- 
terials presently  used,  few  picsent  a meaningful  hazard  to  nontarget 
organisms.  Of  these,  sodium  arsenite,  used  to  a limited  extent  as  a 
potato  vine  killer,  and  arsenic  acid,  used  as  a preharvest  desiccant  on 
cotton,  have  levels  of  toxicity  and  persistence  sufficient  to  be  of  con- 
cern. Dhioseb,  although  readily  degraded,  is  •.  ery  toxic  to  fish  and  care 
must  he  exercised  to  avoid  the  direct  contamination  of  water. 

Paraquat  (a  |>ostemcrgenee  herbicide  and  dessiccant)  and  diquat 
(an  aquatic  herbicide)  have  not  l>eeii  considered  harmful  to  fish  and 
wildlife;  however,  it  would  he  prudent  to  maintain  close  surveillance 
of  these  compounds  in  view  of  their  toxicity  through  skin  contact 
or  inhalation. 

and  toil  fumigant*. — The  current  national  usage  of 
nomatocides  and  soil  fumigants,  when  compared  with  insecticides  or 
herbicides,  is  small  both  in  total  pounds  applied  and  area  treated. 
The  observed  effects  on  nontarget  organisms  are  largely  restricted  to 
the  direct  action  on  other  forms  of  plant  and  animal  life  within  the 
treated  soil. 

When  a neniatocidc  is  applied  to  the  soil  in  sufficient  concentration 
to  kill  plant-root  parasites,  other  soil  microorganisms  are  either  killed 
or  reduced  in  population.  Similarly  the  invertebrates  inhabiting  the 
soil  are  killed.  The  actual  degree  of  population  reduction  depends 
upon  many  factors  such  as  soil  type,  moisture  content,  temperature, 
chemical  agent  and  method  of  application. 

After  the  initial  kill  or  reduction  in  numbers  certain  organisms 
repopulate  the  soil  quickly  (some  reach  numbers  far  in  excess  of 


those  in  untreated  soils)  while  others  repopulate  slowly.  With  time, 
which  may  l)c  a year  or  longer,  the  populations  tend  to  re-establish 
and  approach  the  conditions  observed  in  the  untreated  soil. 

The  organisms  which  oxidize  ammonium  ion  to  nitrate  and  nitrite 
ions  are  relatively  sensitive  to  soil  fumigants.  Their  activity  may  be 
reduced  from  several  weeks  to  several  months.  During  this  time, 
ammonium  ion  accumulates  from  the  decomposing  organic  fraction 
of  the  soil  and  any  added  ammonia  or  ammonium  fertilizer  will  remain 
as  ammonium.  If  concentrations  of  ammonium  ion  are  too  high,  sensi- 
tive crops  may  be  injured. 

Although  transient  imputation  imbalances  have  occurred  in  treated 
soils,  there  is  no  present  indication  that  soil  fumigants  and  nemato- 
rides  present  a meaningful  threat  to  nontarget  organisms  which  would 
require  special  attention  beyond  continued  observation  and  research 
in  their  proper  use. 

I uscctlchlc*  miff  mtf irldcs. — There  are  approximately  400  clienii- 
cah  registered  ns  insecticides  and  mitioides  with  USDA-PUP.  These 
toxicants  kill  insects  and  mites  by  interference  with  essential  biologi- 
cal mechanisms  bill  in  most  cases  the  exact  mode  of  action  is  unknown. 
This  applies  as  wolf  to  flic  arsenic  roni]>ouiids  used  since  the  1800’s.  The 
best  guess  is  that  arsenic  poisoning  is  due  to  tissue  breakdown  and  pro- 
tein precipitation. 

DDT  affects  the  nervous  system  in  such  a way  as  to  cause  death  in 
insects.  Mites,  however,  are  relatively  tolerant  to  DDT.  Parat  Irion 
and  other  organo-phospliorus  insecticides  are  thought  to  generally 
inhibit  cholinesterase  enzymes  of  the  neuromuscular  system.  A similar 
mode  of  action  apparently  occurs  with  carbamate  insecticides. 

There  are  numerous  other  insecticides  and  initicides  but  generally 
less  is  known  concerning  their  mode  of  action  than  those  inenthned. 

Hundreds  of  reports  and  summaries  now  exist  describing  the  effects 
of  insecticides  on  nontarget  ^xvies.  Dramatic  incidents  of  losses  of 
fish,  birds,  and  other  species  created  concern  which  has  resulted  in 
a largo  number  of  descriptions  of  oWrvcd  natural  field  mortalities, 
a limited  nnmljer  of  cx]ierime»tfll  field  olisorvafions,  mid  a variety 
of  laboratory  ex|>eriments.  Since  insecticides  are  used  in  large  quan- 
tities 0 id  have  a wide  s]>eetnim  of  biological  effects,  they  have  liccn 
thecenterof  attention. 

Research  has  not  yet  completed  the  urgent  task  of  providing  predic- 
tion of  the  significant  effects  of  the  uses  of  these  pest  icicles,  but  enough 
is  now  kno.vn  to  provide  reliable  examples  and  suggest  some  general 
patterns.  Principal  attention  here  is  given  to  the  ix'rsisfent  insecticides 
and  mitioides,  since  nontarget  effects  are  more  probable  because  of 
l*rsisfence.  Certain  vivid  cases  of  effects  from  short-lived  materials 
are  also  cited.  The  following  examples  are  intended  to  l>e  illustrative, 


not  definitive.  Not  enough  knowledge  yet  exists  to  permit  quantitative 
summary  of  any  of  t lie  nontarget  effects. 

a.  Phytoplankton 

Drifting  plant  cells  in  natural  waters  carry  on  a largo  portion 
of  the  photosynthesis  on  the  earth's  surface.  They  synthesize  most 
of  the  earth's  organic  material,  produce  most  of  the  oxygen  of  the 
atmosphere*  and  participate  in  other  essential  ways  in  the  chemi- 
cal cycles  of  the  biosphere.  Evidence  that  pesticides  may  significantly 
reduce  such  processes  is  unusually  important.  Controlled  4-hour  ex- 
posure to  1.0  p.p.m.  of  nldrin,  chlordane,  DDT,  dioldrin,  heptachlor, 
metho  :ych!or,  or  toxaphene  reduced  productivity  by  70-04  ixrccnt 
and  eiulrin,  lindane  or  mirex  reduced  it  28-46  percent.  Concentrations 
of  a few  pails  per  billion  of  DDT  have  been  shown  to  reduce  photo- 
synthesis in  laboratory  cultures  of  four  varied  species  of  coastal  and 
oceanic  phytoplankton,  and  100  p.p.b,  lowered  production  60-00  |K>r- 
cent.  Swedish  research  showed  that  the  alga  Ckloixlfa  undergoes  great 
morphological  change  and  decreased  photosynthctic  rates  after  3 days 
of  exposure  to  0.3  p.p.b. 

These  and  other  observations  do  not  measure  total  photosynthctic 
damage,  but  suggest  that  such  effects  may  be  important  and  that  there 
is  urgent  need  for  further  investigation  of  the  effects  of  pesticides  on 
phytoplankton. 

b.  Htncficinl 

Naturally  occurring  parasitic  and  predaceous  inserts  control  many 
insect  |>ests.  There  is  no  evidence  that  parasite  or  predators  ns  a 
class  are  more  susceptible  to  insecticides  and  miticidcs  than  arc 
|>est  s[>oeics.  However,  when  the  plant-feeding  s|*vics  are  severely 
reduced,  their  parasites  and  predators  are  more  severely  reduced 
and  may  be  eliminated  from  the  community  because  they  dej>end 
ii]>on  the  plant  feeders  for  their  survival.  For  example,  when  parathion 
was  applied  to  a role  crop  the  number  of  predaceous  and  parasitic 
r|»ocies  were  reduced  by  05  percent  whereas  the  number  of  plant- 
feeding  sj>ccies  were  minced  by  only  8 percent.  Following  this  type 
of  disruption,  imputation  ontluvaksof  the  plant  feeder  occur.  Itcenusc 
the  parasitic  and  pit'daccnus  species  are  altsent,  the  plant  feeding 
s|)ecies  increase  explosively. 

Some  parasitic  and  ptcdaccous  species  are  eliminated  in  crops  be- 
cause some  parasitic  and  predaceous  species  aie  more  susceptible 
to  certain  pesticides  than  are  plant  feeders.  In  orchards  for  example, 
when  DDT  was  applied  for  control  of  apple  |*\sts,  populations  of 
certain  predaceous  lady  hint  I>cet1es  which  were  highly  susceptible  to 
DDT  were  eliminated.  Since  these  Iwtles  were  the  principal  control- 
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ling  n^cnts  for  tho  pest  ml  mite,  the  mite  population  subsequently 
reached  outbreak  levels  and  caused  severe  damage  to  the  apple  Decs, 
This  particular  mite  s|>eeies  is  not  susceptible  to  DDT  and,  therefore, 
was  hardly  influenced  by  the  chemical  which  killed  the  beetle. 

Differential  susceptibility  is  also  found  in  the  bee  pollinators.  The 
honey  lx?e  and  wild  Ikc  pollinators  are  more  susceptible  to  the  insecti- 
cide carbarvl  than  are  in  ny  other  species  of  insects,  Therefore, 
the  continued  widespread  use  of  this  chemical  may  have  severe  effects 
i ion  l)ee  jxdlinntors  and,  in  turn,  may  reduce  the  pollination  of  both 
cultivated  and  wild  plants, 

c,  Marine  invertebrates 

In  the  coastal  environment,  several  kinds  of  organisms  are  unusually 
susceptible  to  cbemicnls  contained  in  waters  flowing  from  land,  Sessile 
animals,  including  shellfish  and  many  other  benthic  species,  must 
tolerate  whatever  roaches  them  since  they  cannot  escape.  Arthropods 
such  as  shrimp,  crabs,  and  most  zooplankton  are  biotogically  similar  to 
insects  and  mites  and  highly  sensitive  to  some  of  thenrthroixKl  poisons. 
Data  are  quite  inadequate  for  assessment  of  all  effects,  but  some  cases 
have  been  documented. 

Worms  form  an  important  part  of  the  diet  of  many  aquatic  species, 
but  only  a single  observation  on  |>esticide  effects  has  been  seen.  Many 
worms  wore  found  dead  after  treatment  of  a tidal  marsh  by  0.2  jjounds 
of  DDT  |>cr  acre. 

Molluscs  have  received  considerably  moit?  altention,  because  they 
are  unusually  valuable  and  because  they  are  exceptionally  useful  ns 
indicator  organisms.  Oysters  and  mussels  are  used  in  n broad  monitor* 
ing  program  for  estuaries,  and  data  on  pesticide  content  are  available 
from  175  sites.  These  soft*1>odied  animals  have  notable  capacities  for 
biological  concentration  of  ]K\s(icide$  (as  well  ns  of  heavy  metals  and 
virus),  and  oysters li a ve  been  noted  to  accumulate  DDT  to  70, 000  times 
the  concentration  in  ambient  water.  DDT,  dieldrin,  and  cmirin  and 
other  insecticides  have  been  olisorvod  in  many  coastal  populations, 

Organochloi  me  insecticides  are  deleterious  to  some  molluscs  at  an 
ambient  concentration  of  0.1  p.p.b.  and  they  are  as  a group  con* 
siilcrrd  to  Ik?  nl>out  100  times  as  tosic  as  herbicides.  A series  of  tests 
of  the  effects  of  52  pesticides  on  the  sensitive  larval  stages  of  oysters 
and  clams  was  cs|Kvially  revealing,  Survival  and  growth  rates  were 
sometimes  irducod,  and  many  of  the  tested  conqxmnds  interfered 
with  embryonic  development,  so  that  only  a jx>rtion  of  the  larvae 
succeeded  in  metamorphosing  to  the  |>ost-larval  stage.  This  wide- 
s|xvtmm  scries  showed  vividly  that  each  com|x)nnd  must  be  tested 
thoroughly,  that  each  species  differs  in  tolerance,  and  that  each 


stage  in  the  life  history  may  he  physiologically  (lifTeront  in  its  re- 
sponse to  a chemical. 

Crustacea  Iw » e been  observed  to  iveeive  l)oth  direct  and  indirect 
damage.  Twenty-four  hour  exposure  of  blue  crabs  to  0.5  p.p.m.  of 
DDT  killed  50  percent  of  the  crabs,  and  0.3-0.4  p.p.b.  of  hepturhlor, 
endrin  or  lindane  destroyed  50  |>crccnl  of  exposed  shrimp  in  48  hours. 
Application  of  0.2-0.3  pounds  per  acre  of  DDT  nearly  extirpated 
populations  of  small  ninpliipnda  and  isopods  in  a marshland  cx- 
|>oriment,  and  the  numbers  wore  reduced  for  many  mouths.  Nine 
crabs  we iv  reduced  10  to  -to  percent  when  exposed  to  0.3  jkuuuI  per 
aero  of  DDT,  and  by  05  to  07  percent  when  that  level  was  applied 
several  times  each  year.  As  with  many  cither  sepcics.  larval  stages 
arc  especially  sensitive.  A study  which  is  now  in  press  demonstrates 
that  5 p.p.b.  of  DDT,  ex|>osed  to  crab  larvae  for  7*2  hours,  caused 
100  percent  mnrtiility.  Haylcx  and  endrin  killcnl  100  percent  at  10 
p.p.b.;  seviu  and  toxaphene  wi|>cd  out  all  larvae  at  50  to  loo  p.p.b., 
with  lesser  toxicity  occurring  from  malathion,  phosdrin,  and  aldrin. 
Sonic  indications  won?  obtained  of  the  effects  of  prolonged  cX|>osurc 
to  sublcthal  loads,  since  growth  was  significantly  reduced  at  0.75 
p.p.b.  and  0.50  p.p.b.,  although  l.ot  at  0.25  p.p.b. 

Indirect  toxicity  has  Ikvu  seen  in  heavy  mortality  among  crabs 
feeding  on  fish  killed  by  diohli  in,  and  fiddler  crabs  feeding  on  DDT* 
laden  detritus  lnvamc  so  nncoonlinated  ns  to  lose  usual  defense 
mechanisms 

For  a vast  array  of  invert  ihrute  nontarget  species,  no  data  or  under- 
standing of  |>cst  icides  aiv  now  available. 

(/.  Fi*h 

t.<dr  7bvuf. — In  1055  when  the  fish  hatchery  on  Uakc  (leorge  lost 
|(M  |>civoiit  of  nearly  350,00Ucggs  removed  fivnu  lake  trout,  DDK  was 
susjKvted.  I bit  51  recently,  alioiit  10,001  llis,  of  DD  F had  l<vii  dis* 
(*  United  for  rout  hi]  of  gypsy  motli  and  biting  flies  yearly  in  the  water- 
shed a^^neiuted  uith  !,nkc  ( icorge. 

('arcful  study  revealed  tlmt  DDT  completely  inhibited  ivprodnc- 
tiim  of  lake  tiT>ut  in  hike  (Jcorge  and  scvcrnl  other  heavily  contam- 
inated lakes  in  the  adjacent  Adirondack  region.  Although  tin  trout 
eggs  rout  a ill  cd  ivlativelv  small  amounts  of  DDT,  the  fry  were  killed 
at  the  time  of  filial  alisorption  of  the  yolk  sac  when  they  were  ready 
to  food.  At  3 p.p.m.  of  DDT  in  eggs,  few  fry  survived  and  at  5 p.p.m.* 
Dili',  the  mortality  was  100  portent. 

Again  the  s|kh  ific  effects  of  each  toxicant  n|>on  each  sfiocics  should 
lie  emphasized.  In  the  case  of  lake  trout,  DDT  was  the  chemical  which 
hindered  reproduction.  The  fish,  however,  contained  larger  amounts 
of  DDK.  a metaioliteof  DDT,  but  Ibis  bad  undetectable  influence  on 


(lie  survival  of  the  adult  fish.  In  some  birds  such  as  mallard  ducks, 
DDE  is  the  toxicant  which  hml  deleterious  effects  upon  reproduction 
and  D1 YT  showed  1 i 1 1 le  effect . 

Marine. — There  are  now*  enough  records  of  kills  of  fish  in 
open  waters  and  of  the  result  of  experimental  studies  to  permit  a 
degree  of  summarization  for  fish.  Ix>sses  of  natural  populations  in 
which  l>ostieides  have  been  implicated  include  death  of  over  1 million 
fish  of  30  s|>ecies  in  a Florida  marsh  during  sandfly  control  efforts 
with  dieldrin,  the  loss  of  over  6 million  fish  in  t lie  lower  Mississippi 
Hirer,  and  many  lesser  mortalities. 

The  literature  on  |>esticides  and  fishes  was  thoroughly  reviewed  in 
a paper  in  the  Transactions  of  the  American  Fisheries  Society  in  1008 
by  1).  AV.  Johnson,  and  many  assets  of  the  associated  problems  and 
research  needs  were  summarized.  The  acute  effects  usually  involve  the 
central  nervous  system  and  result  in  instability,  respiratory  difficulty, 
sluggishness,  and,  sometimes,  death.  Chronic  exposure  may  produce 
massive  residue  accumulation  in  fats,  damage  to  liver  and  kidneys, 
injured  gills,  reduced  reproduction,  slowed  res|>onse  to  external  stim- 
uli, loss  of  apatite,  restricted  growth,  lowered  resistance  to  disease 
and  other  st res«,  changed  blood  coin j>osil ion,  the  seeking  of  abnormally 
warm  waters,  modified  salt  metabolism, cholinesterase  inactivation,  in- 
creased oxygen  consnmpt  ion,  and  other  effects. 

Any  of  these  may  lie  lethal  to  the  individual  and  some  arc  obviously 
threaleningtotlie  affected  population. 

Increased  resistance  to  $l>ecifiv  pesticides  lias  l>een  noted  in  a few 
fish,  hut  the  response  of  the  scientific  community  to  those  observations 
lias  1>een  mixed.  The  sjxvies  of  fish  are  more  likely  to  survive  con- 
tinuing exixisnre,  hut  the  resistant  fish  apparently  contain  higher 
concentrations  of  the  j*sticide— and  pose  an  increased  threat  to  con- 
sumers, including  man. 

The  availability  of  the  |>ersistent  insecticides  to  nontarget  fish  is 
suggested  by  the  report  that  all  Id  commercial  fish  foods  tested  for 
use  in  a Canadian  trout  hatchery  contained  DDT  and  its  metabolites, 
and  some  censed  30  to  90  |*rcent  mortality  among  fry  and  fingerlings. 
It  is  now  extremely  difficult  to  avoid  DDT  and  its  effects, 

r.  /Uryfn 

Much  of  the  significant  evidence  on  the  worldwide  effects  of  in- 
sect  h ides have  been  provided  by  birds. 

Public  and  scientific  concern  were  alerted  by  early  re|Krts  of  heavy 
mortalities  among  robins  which  had  fed  upon  earthworms  contami- 
nated during  insect  control  programs.  This  concern  was  heightened  by 
later  evidence  on  eagles  and  falcons  and  their  failure  to  produce  young. 
There  are  now  many  important  records  of  field  obser vat  ions  linking 

110 

o 


insecticides  to  bird  injury,  nod  several  definitive  reports  from  ex- 
peri  mental  studies.  Only  t lie  principal  conclusions  are  summarized 
here. 

There  is  a syndrome  typical  of  bird  poisoning  from  DDT.  Dints 
can  fly  iKHirly  or  flutter  along  flic  ground,  t lien  lierome  totally  dis- 
abled, undergo  convulsions  and  die  in  a very  still  position  with  legs 
extended.  Such  deaths  have  liecn  observed  at  many  legations  and  the 
evidence  links  losses  to  DDT,  dieldrin,  and  other  insecticides.  Dutch 
elm  disease  control  reduced  robin  imputations  from  pairs  to  zero 
over  a Dyear  i>ciiod  in  one  area,  ] n another  area,  total  bird  |x>pnla- 
lions  in  succeeding  years  were  ill,  C>8,  and  DO  jiercent  Mow  previous 
levels  (robins  were  CD,  TO,  ami  OS  |>ercont  reduced).  Toxapliene  lias 
lieen  seen  localise  unusual  mortalities  of  fishcaling  water  birds,  in- 
cluding white  |»elicans,  egiets,  gillies,  groat  blue  borons,  and  gulls. 
Georgia  quail  populatioi  s declined  after  treatment  of  laud  with 
lieptaclilor,  and  had  not  recovered  after#  years. 

The  effects  of  subletlial  exposure  of  birds  to  insecticide  residues  aie 
only  partially  known.  Kx|)ei*imeiital  evidence  has  shown  a wide  variety 
of  changes  in  res|x>nse  to  stiffs,  lielmvior,  liver  functioning,  testicular 
development,  delay  in  ovulation,  metabolism  of  steroids,  and,  os- 
| lecially,  failure  in  tlie  de|>osition  of  calcium  in  slicllsof  eggs.  "Hie  latter 
is  failure  of  one  of  the  most  basic  physiological  characteristics  of  birds. 

It  has  been  difficult  to  relate  such  evidence  to  occurrences  in  wild 
mobile  imputations,  however,  and  the  jiossible  relations  lii|  >s  lietweeu 
jxsst  icidcs  and  several  great  |>opulatioii  changes  has  required  utilization 
of  several  kinds  of  evidence.  The  best  known  cases  of  |ki|  ml  at  Ton 
crashes  or  drastic  declines  since  the  mid-forties  are  among  the  raptori.il 
hawks  amt  eagles  which  are  carnivores  at  the  ends  of  food  chains. 
Serious  declines  have  lieen  noted  in  various  regions  for  the  Knrojican 
sparrow  hawk,  Scottish  golden  eagle,  Knglisli  kestrel,  sharp-shinned 
hawk,  Goojiers  hawk,  ouprey  and  bald  eagle.  In  each  case,  there  is  hull* 
cation  that  reproductive  success  lias  declined,  and  that  the  faih  re  is 
similar  to  that  caused  by  Jiersistenl  chlorinated  hydrocarbons.  For  the 
osprey,  Scottish  golden  eagle  and  Kurojieaii  sparrow  hawk  a correla* 
tion  has  lieen  oliservctl  among  frequency  of  egg  breakage,  decrease  in 
eggshell  weight,  subsequent  status  of  breeding  imputations  and  ex 
|Hisiire  to  these  |*csticides.  Not  all  hawks,  owls,  eagles,  and  other  car- 
nivorous bids  show  these  effects. 

The  most  widely  oliservcd  s|>ccies,  however,  is  the  jieregriuc  falcon. 
The  ]>opulation  levels  in  Knrn|ie  ami  North  America  were  critically 
reviewed  in  IDTm  in  a conference  at  the  University  of  Wisconsin,  and 
the  proceedings,  supplemented  by  more  recent  oltservalions,  were  pub- 
lished  in  1%D  with  Dr.  Joseph  »l.  Hickey  as  editor.  Many  observations 
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on  falcons  were  provided,  including  notes  on  eyries  which  have  been 
known  for  centuries  but  which  became  vacant  in  the  sudden  popula- 
tion losses  of  the  last  20  years.  Dmstio  declines  in  Finland,  Germany, 
France,  Britain,  Switzerland,  Ireland,  Belgium,  Sweden,  Latvia,  and 
the  total  loss  of  nesting  peregrines  in  Eastern  United  States  are  de- 
scribed and  considered.  Several  factors  may  be  involved,  and  they  vary 
from  place  to  place.  Reproductive  failure  is  the  most  probable  cause, 
in  the  opinion  of  the  conferees,  and  lias  involved  a failure  to  lay  eggs, 
decreased  number  of  eggs,  egg  breakage  and  eggeating,  inability  to 
renest,  and  decreased  viability  of  the  young.  In  the  words  of  the  con- 
ferenee  summary,  “The  ecological  case  against  the  chlorinated  hydro- 
carbon insecticides  as  the  pervasive  factor  in  these  phenomena  is  es- 
sentially complete.”  This  pattern  of  evidence  is  convincing  if  the  por- 
tions drawn  from  different  sources  point  in  complementary  ways  to 
the  same  conclusions. 

Rigorous  experiments  to  examine  the  effects  of  some  of  the  suspected 
insecticides  have  recently  been  established,  and  results  of  exceptional 
interest  and  significance  are  now  available.  The  American  sparrow 
hawk,  in  the  same  genus  as  the  )>eregrine  falcon,  has  been  bred  in  cap- 
tivity and  experimentally  exposed  to  a mixture  of  dietdrin  and  DDT. 
One  group  received  low  dosage,  equal  to  the  residues  often  found  in 
raptor  food  items  in  the  field  (0.28  p.p.m.  dieldrin  and  1.4  p.p.m, 
DDT,  net  weight) ; a second  high  dosage  group  received  a level  calcu- 
lated to  be  just  slrert  of  lethal ; controls  were  hiamtnined ; observations 
were  continued  through  the  second  generation;  and  partial  replica- 
tion of  the  entire  experiments  was  achieved.  Treated  birds  showed 
reduced  reproductive  success,  involving  disap|)oa ranee  of  eggs,  thinner 
shells,  and  possible  egg  eating  by  parents.  The  authors,  Porter  and 
Wiemeyer  of  the  U.S.  Bureau  of  S|rert  Fisheries  and  Wildlife,  con- 
clude “The  remarkable  similarity  in  pattern  of  reproductive  failure 
between  our  experimental  hawksand  wild  raptor  populat ions  strongly 
sup|>orts  the  hypothesis  that  recent  reproductive  failure  in  several 
raptor  {reputations  in  the  United  States  and  Western  Europe  were  due 
to  common  physiological  and  behavioral  res|renses  to  intakes  of  sub- 
lethal  amounts  of  persistent  chlorinated  hydrocarbons.”  Experimental 
evidence  has  also  lieen  obtained  on  mallard  ducks,  and  DDE  severely 
impaired  reproductive  suc^^ss,  reducing  shell  thickness  and  the  hatch- 
ability  of  eggs  with  uncracked  shells.  I)I)D  was  less  severe,  but  also 
reduced  success. 

These  experiments  appear  to  forge  the  last  link  in  the  chain  of  evi- 
dence that  DDT  and  its  derivatives  have  been  the  direct  and  principal 
cause  of  widespread  and  significant  reductions  in  bint  {reputations. 
The  full  extent  of  the  damage  cannot  yet  be  determined. 


IIS 


/»  Mammals 

Insecticide  damage  to  mammals  lias  apparently  not  been  as  frequent 
nor  as  serious  as  in  birds  and  fish,  although  tlie  available  data  are 
scarce.  Occasional  mass  mortalities  have,  been  reported  after  use  of 
nldriiqendriii  and  dieldiin. 

Field  sampling  lias  shown  that  DDT  and  its  derivatives  are  present 
in  tlio  fat  of  many  species  of  wild  mammals,  including  those  in  ureas 
which  are  not  known  to  have  received  pesticidal  exposure.  A young 
cm  beat  or  seal  in  the  Antarctic  contained  a small  quantity. 

The  pathways,  pharmacology  and  olTects  of  insecticides  in  mammals 
are  not  well  known  for  wild  sjiocies,  although  considerable  work  has 
been  done  on  the  species  useful  in  lelmratorv  studies  (which  am  t mated 
in  more  detail  in  relation  to  the  effects  of  pesticides  on  humans).  In 
deer,  dicldrin  at  the  rate  of  25  p.p.tn,  minced  reproductive  success, 
with  lowered  survival  and  birth  weight  of  fawns.  The  effects  of  isomers 
apparently  vary,  since  o,p'-DDT,  which  usually  makes  up  15  to  207r 
of  commercial  DDT,  acts  like  estrogen  in  rats  and  some  lords  whereas 
the  more  common  p,p'-DDT does  not. 

Only  a few  wild  mammals  have  been  sampled,  but  it  is  probable  that 
many  or  all  have  now  been  exposed  to  the  persistent  jiesficides,  t hat 
many  have  accumulated  measurable  quantities,  and  that  some  have 
’icon  adversely  affected, 

l*i*cicidc*. — In  the  establishment  and  maintenance  of  s]>ort  fisheries 
and  management  of  waterfowl  in  fresh  water  impoundments,  it  is 
frequently  desirable  to  lemove  the  trash  fish,  llotenone  is  still  one 
of  the  most  important  \>esficides  for  this  purjioce  and  its  dosage  can 
lie  so  controlled  flint  it  creates  no  particular  hazard  to  nontarget 
organisms  except  for  temporary  effects  on  zooplankton,  insects,  and 
other  lientlios.  Antimycin  A,  an  antibiotic  synthesized  by  certain 
fungi,  is  a new  piscicide  which  is  not  toxic  to  invertebrates  or  higher 
forms  of  life  at  the  low  concentrations  used,  and  selectively  controls 
many  sprier*  of  fish.  Since  it  degrades  rapidly,  especially  in  alkaline 
water,  it  can  lie  used  quite  safely  in  many  ways  and  in  tyjies  of  water 
where  other  piscicidcs  may  affect  wateruscs. 

Tnxaphene  has  licen  used  as  a piscicide  and  is  very  effective,  es|ic* 
ci Ally  in  controlling  |*>st  imputations  of  caip  ami  catfish.  The 
manufacturer  has  discouraged  this  unregistered  use.  Tnxaphene,  is  do 
stnief  ivc  to  much  of  the  aquatic  fauna  and  is  so  |HU>irtent  that  residues 
can  prevent  a normal  fauna  for  many  years.  Its  actions  and  |au>bfcrne 
is  somewhat  linplvdictahic  de|ienditig  in  pail  ii|mn  tcinperatmrs 
but  also  on  unknown  factoid  One  lake  in  Oregon  was  rendeml  unpio 
ductile  of  \\<h  for  at  k cl  tt  years  as  a result  of  nvi  rdn-agv  «>f  toxa- 
phene.  This  use  in  State  fishery  management  program- ’m-  long  Iwn 


discouraged  by  USDI  insistence  that  Federal  aid  for  fish  restoration 
funds  cannot  be  approved  or  allocated  for  this  unregistered  and 
hazardous  use, 

Avicides. — A considerable  amount  of  research  has  been  devoted  to 
the  search  for  avicides  that  are  effective  in  controlling  pest  species 
of  birds  without  damaging  desirable  species.  The  development  of 
avicides  is  carried  out  by  personnel  who  also  have  a very  real  respon- 
sibility for  the  protection  of  desirable  species  of  birds,  and  their 
screening  tests  rule  out  many  candidate  chemicals  that  have  unwanted 
characteristics. 

Only  a part  of  the  problem  is  associated  with  disagreement  as  to 
whether  or  not  a particular  species,  such  as  pigeons,  should  be  con- 
sidered a pest.  The  more  important  problem  is  developing  the  necessary 
specificity.  Much  of  this  problem  is  solved  by  formulation  and  place- 
ment of  the  poison.  Thus,  there  are  now  chemicals  available  that  can 
be  so  placed  in  feedlots  that  they  are  reasonably  effective  in  killing 
the  pest  starlings  without  contaminating  the  cattle  feed.  Undoubtedly, 
some  desirable  species  of  birds  are  also  killed,  but  few  of  them  frequent 
the  feedlots  during  the  wintertime  when  most  treatments  are  made, 
so  the  problem  is  not  acute. 

Unforeseen  hazards  usually  come  to  light  during  the  research  and 
developmental  stages  of  a new  compound.  For  example,  one  experi- 
mental chemical  was  used  on  bait  placed  around  a com  field.  The 
following  year,  wheat  was  grown  on  the  area,  and  it  was  noted  that 
the  chemical  residue  in  the  soil  w’as  phytotoxic  to  the  growing  grain. 

It  must  be  said  that  avicides  pose  a very  great  hazard  to  desirable 
species  of  birds,  but  they  are  not  generally  used  where  such  problems 
are  serious. 

Rodent  hide*  and  other  mammal  biocides . — Certain  rodenticides 
still  in  use  are  among  the  most  hazardous  pesti<  les  both  to  man  and 
domestic  animals.  Sodium  arsenite,  strychnine,  sodium  fluoracetate 
(1080),  phosphorous  paste,  and  zinc  phosphide  are  all  in  this  category. 
Restrictions  on  labeling  and  marketing  have  reduced  actual  danger 
to  a minimum.  Ill  fact,  none  of  these  compounds  is  now  generally  avail- 
able and,  currently,  reports  of  poisonings  of  dogs,  cats,  or  children 
from  these  materials  are  very  rare. 

^Vlien  these  materials  are  used  in  the  control  of  predators  for  rabies 
control  or  for  plague  control,  one  would  expect  considerable  secondary 
killing  of  grazing  animals  or  of  scavengers.  It  is  a tribute  to  the  care 
with  which  these  materials  are  handled  that  there  seem  to  have  been 
no  massive  kills  of  nontarget  animals. 

Anticoagulants,  red  squill,  and  other  rodenticides  available  for 
household  use  perhaps  have  killed  some  cats  but  even  this  is  rare 
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bemuse  they  are  generally  of  low  toxicity  to  eats.  In  the  case  of  the 
anticoagulants,  the  necessity  of  repeated  exposure  has  been  a signifi- 
cant safety  factor, 

Itcpeffcnfs, — Several  kinds  of  chemicals  are  used  for  repelling 
insects,  birds,  and  mammals.  Insect  repellents  are  applied  directly  to 
man  and  his  animals  to  prevent  pests  such  as  mosquitoes  and  other 
biting  flies  from  biting  and  feeding.  Repellents  may  also  be  applied 
to  the  bird  roosts  to  force  the  birds  to  move  and  roost  elsewhere.  Most 
of  the  insect  and  bird  repellents  are  nontoxic,  highly  volatile,  and 
degrade  rapidly.  IIow  these  repellents  function  to  repel]  these  pests 
is  not  known.  Other  than  causing  discomfort  to  the  target  organism 
or  nontargct  organism  which  comes  within  range  of  the  repellent,  there 
is  no  documented  evidence  of  danger  to  nontarget  organisms. 

Various  mammal  repellents,  such  as  mountain  lion  dung  used 
against  deer,  are  employed  to  prevent  mammals  from  entering  crop 
areas.  Repellents  serve  to  alter  or  modify  the  behavior  of  mammals  ns 
well  as  other  animals  without  harming  the  particular  species  of 
animal. 

Alternative  Pest  Control  Practices  and  Their  Potential 
Danger  To  Nontakokt  Organisms 

Whenever  pesticide  pollution  is  discussed,  the  use  of  alternative  pest 
control  practices  arc  suggested  as  a means  of  reducing  pollution  and 
hazards  to  nonlnrget  organisms.  Most  of  these  alternate  controls  have 
been  employed  against  a wide  variety  of  |>ests  during  the  past  100 
years  or  more.  Although  research  on  these  alternate  pest  control  prac- 
tices has  increased  during  the  past  10  years,  relatively  few  successes 
have  been  achieved  and  the  list  of  alternate  controls  remain  small.  The 
pri|me  reason  for  the  slow  development  of  these  alternate  methods  is 
that  generally  this  research  requires  n great  expenditute  of  time  and 
money.  This  aspect  of  pest  control  deserves  greater  attention  and  the 
research  effort  should  be  both  encouraged  and  supported. 

Just  as  there  has  been  some  pollution  hazard  associated  with  the 
use  of  pesticides,  there  ore  also  dangers  associated  with  some  of  these 
alternative  controls.  Relow  is  a listing  of  several  alternative  pest  con- 
trol practices,  with  comments  on  their  potential  danger  to  nontarget 
organisms. 

Parasites  and  predators , — In  nature,  parasites  and  predators  play 
important  roles  in  the  control  of  many  animal  species.  Although  they 
usually  do  not  provide  full  control  of  pest  species,  parasites  and  pred- 
ators are  valuable  assets  in  providing  partial  control  of  many  pest s. 

Parasites  and  predators  have  also  provided  effective  control  of  in- 
dividual pest  insect  and  weed  species.  For  example,  vedalia  beetle  im- 
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ported  in  1888  from  Australia  was  highly  effective  in  controlling  the 
Cottony  cushion  scale  insect  which  caused  serious  damage  to  the  Cali- 
fornia citrus  crop. 

Shortly  after  1952  the  imported  Klamath  weed  was  controlled  by 
an  imported  weevil  (Chry&olina  gemeiJata)  which  originally  came 
from  England.  This  resulted  in  a restoration  of  large  acreages  of  pas- 
ture in  California.  A recent  instance  (1964)  of  successful  biological 
control  involves  the  use  of  small  wasp  parasites  {Aphyti*  macullcomh 
and  Cocophagoides  it  til  it)  against  the  (Paiiatoria  oleae)  olive  scale 
in  California.  Annual  crops  such  as  vegetables  and  cereals  are  generally 
unsuited  for  control  by  parasites  and  predators. 

The  crop  environment  which  is  relatively  stable  and  includes  peren- 
nial plant  types  is  effective  in  maintaining  parasite  and  predator  pop- 
ulations. Partial  control  by  parasites  or  predators  used  in  combination 
with  insecticides  (integrated  control)  can  be  of  great  value  and  result 
in  a decrease  in  the  amount  of  pesticide  used  for  control.  This  would 
have  obvious  benefit  to  nontarget  organisms. 

Biological  control  with  parasites  and  predators  is,  however,  not 
without  danger  to  nontarget  species.  Probably  the  best  example  of 
biological  control  resulting  in  environmental  deterioration  is  illus- 
trated by  the  Indian  mongoose.  The  mongoose  was  introduced  into 
Jamaica  in  1870  and  subsequently  the  U.S.  island  of  Puerto  Rico  for 
rat  control  in  sugar  cane.  Within  15  years  the  presence  of  mongoose 
had  caused  ft  change  in  rat  species.  The  ground  nesting  Norway  rat 
population  was  reduced  by  the  introduced  Indian  mongoose.  With  the 
removal  of  its  competitor,  the  tree  nesting  rat  population  increased 
and  caused  damage  to  the  cane.  The  mongoose  also  became  a pest  itself 
by  preying  on  poultry  and  ground  nesting  bird  species  and  became 
a reservoir  for  rabies  on  the  island. 

Imported  insect  parasites  and  predators  may  also  attack  beneficial 
insect  parasites  or  predators  and  thus  destroy  an  established  pest  con- 
trol program. 

In  general  parasites  and  predators  offer  several  opportunities  for 
achieving  pest  control  with  reduced  pollution  hazard.  If  new  importa- 
tions are  selected  and  established  with  great  care  there  should  bo 
few  dangers  to  nontarget  organisms. 

Pathogen s. — The  use  of  pathogens  which  cause  disease  in  pest  insect, 
and  weed  populations  is  the  subject  of  continuing  investigation.  Under 
natural  conditions  viruses,  bacteria,  fungi,  protozoa,  and  nematodes 
can  be  effective  control  agents.  In  the  United  States  the  introduced 
Japanese  beetle  is  being  controlled  to  a considerable  degree  by  a bac- 
terium which  caused  a milky  disease  in  the  insect  population.  Spores 
of  the  milky  disease  bacterium  may  remain  viable  in  the  soil  for  20 
years,  so  once  an  area  is  infected  it  remains  this  way  for  a long  period. 
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Another  bacterium,  bacillus  thuringiensh^  can  be  applied  like  an 
insecticide  against  pest  caterpillars  which  feed  on  some  crops.  Using 
this  bacterium,  however,  is  like  employing  an  insecticide  because  the 
active  agent  is  a crystalline  chemical  which  is  toxic  to  the  caterpillars 
and  other  insects.  This  bacterium  does  not  cause  disease  epidemics  in 
the  pest  population  like  the  milky  disease. 

Several  viruses,  like  the  polyhedral  vims  of  the  cabbage  Jooper,  can 
give  excellent  control  of  pest  insects.  Although  today  there  is  no 
evidence  of  danger  to  humans,  they  are  not  being  utilized  because 
there  are  no  exact  criteria  for  determining  safety  to  humans  and  other 
nontarget  s|>ecies. 

Based  on  the  available  information  about  bacteria,  viruses,  and 
the  other  pathogens,  there  appears  lo  be  little  danger  to  nontarget 
species  because  of  the  specificity  of  most  pathogens.  Exceptions  in- 
clude Bacillm  fhurlnglemis  and  other  pathogens  in  which  elaborated 
toxins  may  be  involved. 

Host  resistance  to  pests, — In  nature  host  resistance  is  one  of  the 
dominant  forces  limiting  the  numbers  of  animal  populations.  It  follows 
then  that  host  resistance  in  plants  and  animals  is  potentially  one  of 
the  most  effective  and  safest  alternative  methods  of  control. 

Host  resistance  has  been  used  with  relative  success  against  several 
species  of  plant  pathogens.  Although  plant  resistance  to  insects  is 
known  to  be  common  in  nature,  the  method  has  not  been  widely  ex- 
ploited. Use  of  host  resistance  discourages  some  economic  biologists 
because  of  the  long  period  of  time  needed  for  selecting  and  breeding 
commercial  varieties  of  crops. 

Cabbage  yellows,  for  example,  has  been  effectively  controlled  by 
breeding  resistant  cabbages.  Hessian  fly,  a serious  pest  of  wheat,  is 
primarily  controlled  by  host  resistance. 

Host  resistance  has  several  advantages.  There  is  no  hazard  to  either 
man  or  nontarget  species.  The  method  can  be  employed  jointly  with 
other  alternate  methods  and  pesticides  without  interfering  with  the 
effectiveness  of  the  combined  control  technique. 

/environmental  manipulations  (cultural  control ). — Many  pest  pop- 
ulations can  be  reduced  or  controlled  by  modifying  crop  and  live- 
stock cultural  practices.  Some  of  these  techniques  are  listed  below, 
and  it  should  be  noted  that  generally  these  cutural  controls  offer  little 
hazard  to  noutnrget  species.  At  present,  some  o{  these  have  practical 
limitations  which  might  bo  overcome  through  research  and  additional 
experience. 

/.  Plant  spacing . — Pest  damage  to  crops  can  sometimes  be  re- 
duced by  altering  the  spacing  of  the  crop  plants.  With  new  crop  man- 
agement techniques  which  include  better  control  of  water  and  ferti- 
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lizer  needs,  crop  plants  can  be  grown  in  more  dense  stands.  In  this 
way  the  productivity  of  the  plant  population  per  unit  time  and  area 
may  be  increased  with  the  net  result  of  a reduction  in  pest  damage  per 
unit  plant  area. 

2.  Specie*  diversity . — Monoculture  in  modern  agriculture  is  a 
necessity,  but  with  some  crops  species  diversity  can  be  increased  by 
strip  cropping  or  interplanting.  Increasing  species  diversity  could 
result,  in  reducing  pest  population  numbers  by  increasing  the  num- 
ber of  enemy  species  present  and  improving  their  efficiency.  For  ex- 
ample,  the  white  pine  weevil  causes  less  damage  to  white  pine  grown  in 
mixed  stands  of  trees  than  when  the  white  pine  is  in  a pure  stand. 

3.  Timing . — Planting  time  of  a crop  may  be  altered  such  that- 
planting  is  done  after  a pest  species  emerges  from  its  winter  resting 
stage.  In  this  way  the  pests  die  before  they  find  suitable  crop  plants. 
Hessian  fly  infestations  are  partially  controlled  by  planting  wheat 
following  the  spring  emergence  of  this  pest. 

4*  Crop  rotation . — Crop  rotation  is  useful  in  pest  control  because 
it  prevents  the  build-up  of  pests  which  live  on  a crop  grown  contin- 
ually in  the  same  area.  By  following  a crop  (corn)  with  a new  and 
unrelated  crop  (legume),  for  example,  it  is  possible  to  avoid  large 
populations  of  the  com  rootworm. 

5 . Water  management. — Draining  flooding,  and  water  level  con- 
trol can  be  used  effectively  in  pest  control,  but  may  have  drastic  eco- 
logical effects.  With  increased  control  of  water  use  in  crop  produc- 
tion, additional  means  are  available  for  pest  control.  For  example, 
flooding  of  the  soil  can  drown  certain  soil  pests  such  as  nematodes  and 
soil  fungi.  Both  flooding  and  draining  can  destroy  some  nontarget 
species  in  the  soil. 

6.  Fertilizers . — Host  plant  nutrition  affects  the  longevity  and 
fecundity  of  a substantial  number  of  pests.  By  altering  the  applica- 
tion of  nitrogen,  potassium,  and  phosphorus  used  in  crop  culture,  it  is 
possible  to  reduce  the  number  of  soma  pests.  The  longevity  and  fecun- 
dity, for  example,  of  spider  mites  are  adversely  affected  when  their 
host  plants  are  cultured  in  soils  which  are  deficient  in  nitrogen,  phos- 
phorus, or  potassium. 

7.  Soil  preparation . — Pests,  primarily  insects,  which  overwinter  or 
live  in  the  soil  during  part  of  their  life  may  be  killed  by  either  plow- 
ing and/or  disking  the  soil.  It  has  been  shown  that  98  percent  of  the 
pupae  of  the  corn  earworm  overwintering  in  the  soil  is  killed  by  a 
thorough  disking  and  breaking  of  the  soil. 

8 . Sanitation. — Various  pests  can  be  controlled  either  by  eliminat- 
ing their  alternate  hosts  or  by  eliminating  the  source  of  infection  before 
it  spreads.  For  example,  90  percent  control  of  the  Dutch  elm  disease  is 


possible  in  a town  or  community  if  a sound  sanitation  program  is 
carried  out.  Spraying  the  elms  with  an  insecticide  improves  control 
of  the  disease  f 1*0111 2 to  5 percent. 

Induced xtcrilatitioiK — Control  of  the  screw-worm  fly  in  Florida  and 
other  areas  by  the  mass  release  of  radiation  sterilized  male  flies  has 
been  well  demonstrated.  This  sterile  male  method  has  many  advantages 
but  unfortunately  its  application  for  control  of  many  species  of  pests 
is  somewhat  limited.  Various  chemical  sterilants  are  under  investi- 
gation for  pest  control,  hut  these  chemicals  can  be  extremely  danger- 
ous to  nontarget  as  well  as  target  species.  Distribution  methods  might 
be  found  to  place  the  poisons  inside  protected  feeding  stations,  where- 
by these  clieiuosterilants  would  reach  only  pest  species. 

Physical  methods, — Light  can  attract  various  insect  moth  pests  to 
traps.  Light  reflections  from  Aluminum  foil  have  been  employed  to 
keep  Aphids  from  attacking  some  host  plants.  Sound  may  be  em- 
ployed in  a similar  manner  to  draw  mosquitoes  into  a trap.  Other  pos- 
sibilities of  pest  control  using  physical  factors  need  investigation. 
Those  appear  to  have  little  or  no  cflect  on  11  on  target  species. 

Genetic  manipulation  of  pest  populations. — In  the  laboratory  it 
lias  been  demonstrated  that  lethal  genes  may  he  released  in  a pest  popu- 
lation to  reduce  the  viability  or  the  numbers  of  a particular  pest  pop- 
ulation without  affecting  any  other  species  present  in  the  habitat. 
Because  the.  method  is  specific  there  is  no  danger  to  nontarget 
organ  isms. 

Pheromone*  and  hormones. — Naturally  occurring  chemicals  which 
are  produced  by  the  pest  or  its  host  may  be  employed  for  pest  control, 

/,  Sex  pheromones. — Some  insect  species  may  be  attracted  to  traps 
from  up  to  a mile  away  by  chemical  secretions  produced  by  either 
males  or  females.  Generally  these  chemicals  are  quite  specific  for  the 
insects  they  attract  and,  therefore,  are  not  hazardous  to  other  species. 

2.  Developmental  pheromones, — Various  chemical  messengers 
which  control  specific  phases  of  development  and  growtli  occur  in  or- 
ganisms. These  included  the  juvenile  hormone  of  arthropods  which 
inhibits  moulting  and  development  into  adult  stages.  This  pheromone 
has  general  activity  to  most  arthropods  and,  therefore,  is  of  ]>otential 
danger  to  a wide  variety  of  species.  Before  these  hormones  are  declared 
safe  for  widespread  use,  information  on  their  spectrum  of  activity 
on  nontarget  organisms  should  be  established,  otherwise  they  may  per- 
form  as  broad  spectrum  chemical  pesticides.  The  danger  to  nontarget, 
beneficial  insects  and  other  beneficial  arthropod  species  such  as  shrimp, 
crabs,  and  lobsters  could  be  great. 

S , Pleint  hormones, — Various  hormones,  which  influence  growth 
and  development  in  plants  may  also  influence  the  susceptibility  of 
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these  plants  to  pest  attack  by  insects  or  plant  pathogens.  It  might  be 
possible  to  control  some  of  these  pests  by  judicious  use  of  these  plant 
hormones. 

Costs  and  Vat.uk  to  Socnmr 

The  economic  value  of  pesticides  as  they  relate  to  crop  protection  is 
difficult  to  quantify,  but  an  assessment  of  the  hidden  costs  of  nontprgef 
effects  is  even  more  difficult.  A few  observations  may  l>e  gleaned,  how- 
ever, which  may  be  useful  approaches  to  the  intangible  associated 
values. 

There  is  indirect  evidence  of  the  value  that  the  public  places  on  fish- 
ing and  hunting.  Out  of  a population  of  130  million  over  12  years  of 
age  in  the  United  States,  there  were  about*  50  million  hunters  and 
fishermen  who  spent  G50  million  recreation-days  and  approximately 
3.9  billion  associated  recreation  dollars  in  1960.  The  Department  of 
Commerce  has  estimated  33  million  hunters  and  fishermen  (23  percent 
of  the  population  over  12  years  of  age)  in  1965. 

The  extent  of  national  land  resources  and  the  time  spent  by  our 


people  also  gire  indirect  evidence  of 
environment. 

value  attached  to  recreational 

^ Acres 

Visits 

National  parka  (1967) 

National  forests  (1967). _ 

State  parks  (1967) 

State  parks  and  recreation  areas  (1965} 

. -V  28,  000,  000 
..A  228,000,000 

\40, 000.000  . 

140,  000,  000 
150,  000,  000 
440,  000,  000 

) , , ‘ 
Estuaries  and  the  continental  shelf  represent  an  area  receiving  the  j 

outflow  of  water  from  all  land  sources  and  tlijs  marine  environment 
supplies  60  percent  of  the  seafood  products  of 'the  United  States  with 
an  annual  estimated  value  of  $225  million  at  dockside.  Nearly  4 million 
people  hunt  nr  d fish  in  estuarine  environments  of  the  country. 

Public  concern  over  environmental  pollution  and  threats  to  certain 
wildlife  species  is  additional  indirect  evidence  of  value  although  will- 
ingness of  many  to  dump  beer  cans,  litter  and  trash  gives  evidence 
that  pollution  is  the  “other  guy’s”  problem ! 

Well-planned  changes  may  have  a favorable  effect  on  an  ecosystem 
but  if  not  well  conceived  may  induce  a series  of  complex  changes  which 
are  subtle  and  hard  to  correct.  The  direct  costs  of  environmental  con- 
tamination are  indicated  by  the  loss  of  food  in  which  residues  exceed 
established  tolerance  levels  (as  in  the  case  of  Coho  salmon),  injury  to 
crops  and  resulting  damage  claims,  water  purification  costs  and 
dam&ger  resulting  from  known  contamination  and  spills.  These  are 
hard  to  estimate  with  any  degree  of  accuracy. 
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Some  lelationships  of  pesticide  rusts  to  our  economy  might  be  use- 
ful ns  a background  for  judgments  ns  to  whether  the  added  costs 
of  improved  materials  or  prac  tices  would  be  an  excessive  burden  to 
producers  or  cousin  Hereof  food  and  fiber. 

In  1968  total  farm  production  expense  in  the  United  States  was 
$33~$36  billions  and  tbo  cost  of  all  pesticides  at  the  consumer  level 
totaled  $1,7  billion  of  which  $1  billion  was  spent  for  direct  use 
in  growing  fowl  and  fiber.  Approximately  3 percent  of  farm  operating 
costs  resulted  from  pesticide  materials,  {This  varies  greatly  crop 
by  crop.)  The  cash  receipts  received  by  growers  for  food  and  fiber 
were  $44  billion;  therefore,  the  pesticide  cost  of  $1  billion  represented 
2.3  percent  of  total  farm  product  value  and  3 percent  of  farm  operat- 
ing costs.  It  is  estimated  therefore  that  the  cost  burden  of  pesticides 
necessary  for  the  production  of  food  and  fiber  would  range  between 
1.0  and  1.3  percent  of  the  retail  purchases  of  food  and  clothing  by 
ihe  consumer.  This  leads  to  the  conclusion  that  the  economy  is  able 
to  afford  better  methods  and  improved  pesticides. 

The  agricultural  productivity  of  this  country  can  easily  be  taken 
for  granted  in  times  of  plenty.  This  productivity  is  a source  of  great 
international  economic  strength  for  the  United  States.  Incentives  are 
needed  to  encourage  improvement  of  present  pesticide  practices  and 
develop  new  ones  which  optimize  the  relation  between  man  and 
environment. 

Training  ahd  Licensing  of  Pesticide  Users 

There  has  been  a reduction  of  about  50  percent  in  the  use  of  DDT 
in  the  United  States  since  the  peak  year  of  1958-59.  If  dramatic  addi- 
tional reductions  in  the  use  of  this  and  other  pesticides  are  to  be 
obtained*  some  system  of  regulatory  restrictions  on  use  will  doubtless 
be  necessary.  Existing  Federal  regulations  affect  use  other  than  by 
aerial  applicators  only  indirectly  (through  labeling  and  through 
restrictions  on  residues  permissible  on  produce  at  marketing). 

Two  methods  of  regulating  use  of  potentially  harmful  substances 
without  completely  prohibiting  them  have  lieen  used  extensively. 
One  is  restricting  use  to  licensed  applicators  who  are  expected  to 
use  good  judgment  in  their  applications;  the  other  is  to  permit  their 
purchase  only  on  proscription  from  professionally  qualified  experts 
who  are  expected  to  use  good  judgment  in  instructing  the  user. 

The  licensing  method  lias  lieen  used  by  many  States  in  regulating 
certain  types  of  pest  control  operators  such  as  structural  |>est  control 
operators,  aerial  Applicators,  or  contract  agricultural  sprayers,  etc. 
This  technique  1ms  seldom,  if  ever,  been  used  to  restrict  use  bv  a 
farmer  or  other  individual  who  is  making  his  own  application. 
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The  second  method  is  well-established  in  the  restriction  of  use  of 
dangerous  drugs  in  the  treatment  of  humans  and  domestic  animals. 
A related  method  has  been  used  in  California  for  some  pesticides 
where  a permit  to  purchase  must  be  obtained  from  a County  Com- 
missioner of  Agriculture. 

If  either  method  is  to  be  effective  nationally,  some  method  must  be 
found  to  set  nationwide  standards  for  its  operations.  Since  there 
are  already  many  States  employing  the  licensing  mechanism  for  one 
or  more  of  several  types  of  applicators,  this  has  the  advantage  of  a 
coi-e  of  laws  and  regulations  from  which  to  start.  However,  the  vari- 
ability of  these  laws  and  regulations  may  make  achievement  of  a 
national  standard  more  difficult  than  to  start  fresh  with  the  second 
method.  Moreover,  the  licensing  of  each  individual  user  may  be  more 
restrictive  of  the  rights  of  individual  citizens  than  is  necessary. 

Either  method  will  require  a system  of  training  and  testing  the 
licensed  user  or  presc-riber  and  oi  assuring  his  compliance  with  the 
criteria  of  use.  The  basic  standards  of  training,  testing,  and  criteria 
for  use  should  be  set  by  n national  board  operating  under  the  aegis  of 
a suitable  national  professional  society  such  as  the  American  Institute 
of  Riolngical  Sciences,  and  financed  initially  by  a contract  from  the 
Department  of  Health,  Education,  and  Welfare  or  other  appropriate 
Federal  agency.  State  or  local  counterpart  boards  should  be  established 
to  cany  out  the  details  in  their  own  jurisdictions. 
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EFFECTS  OF  PESTICIDES  ON  MAN 
Summary  and  Conclusions 

The  scope  of  this  report  is  intended  to  encompass  the  present  state 
of  knowledge  concerning  the  nature,  extent  and  consequences  of  hu- 
man exposure  to  pesticides.  Data  relating  to  exposure  of  experimental 
animals  have  been  reviewed  only  insofar  ns  they  contribute  to  our 
understanding  of  phenomena  encountered  in  tnnn  or  provide  knowl- 
edge in  areas  where  human  data  are  meager  or  totally  lacking. 

No  human  activity  is  entirely  without  risk  and  this  maxim  holds 
for  pesticide  usage  in  the  human  environment  just  as  it  does  for  all 
other  exposure  to  chemicals.  There  are  formidable  inherent  difficulties 
in  fully  evaluating  the  risks  to  human  health  consequent  upon  the  use 
of  pesticides.  In  part,  these  difficulties  stem  from  the  complex:  nature 
of  the  problems  involved,  the  fact  that  many  facets  of  these  problems 
have  been  recognized  only  recently,  and  the  general  backwardness  in 
this  are*  of  research  in  rn/?n,  as  distinct  from  work  in  laboratory  ani- 
mals, Above  all,  one  must  not  lose  sight  of  the  large  number  of  human 
variables — such  as  age,  sex,  race,  socio  economic  status,  diet,  state  of 
health— all  of  which  can  conceivably,  or  actually  do,  profoundly  af- 
fect human  response  to  pesticides.  As  yet,  little  is  known  about  the 
effects  of  these  variables  in  practice.  Finally,  one  must  realize  that  the 
components  of  the  total  environment  of  man  interact  in  various  subtle 
ways,  so  that  the  long  term  effects  of  low-level  exposure  to  one  pesti- 
cide are  greatly  influenced  by  universal  concomitant  exposure  to  other 
pesticides  as  well  as  to  chemicals  such  as  those  in  air,  water,  food  and 
drugs.  While  all  scientists  engaged  in  this  field  desire  simple  clear- 
cut  answers  to  the  questions  posed  by  human  exposure  to  pesticides, 
the  complexity  of  the  human  environmental  situation  seldom  allows 
such  answers  to  be  obtained.  Attempts  to  extrapolate  from  the  results 
of  animal  experiments  to  man  are  also  beset  with  pitfalls.  Hence,  the 
greatest  care  needs  to  be  exercised  in  drawing  conclusions  regarding 
cause  and -effect  relationships  in  human  pesficide  exposure. 

The  available  evidence  concerning  such  human  exposure  to  pesti- 
cides derives  from  three  main  sources:  planned  and  controlled  admin- 
istration of  pesticides  to  human  subjects;  case  report*  of  episodes  of 
accidental  or  other  acute  poisoning;  and  epidemiological  studies, 
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which  i n turn  comprise  surveys  of  occupationally-exposed  groups  fin 
accordance  with  a variety  of  retrospective  and  prospective  ap- 
proaches), and  studies  of  the  general  population. 

Indices  of  e.\|>osiire  of  human  l>eings  to  |x»£ticides  constitute  n vital 
link  in  the  chain  of  evidence  that  must  l)e  forged  in  order  to  reveal, 
interpret,  and  maintain  effective  surveillance  of,  pesticide  ex|>osures. 
Hitherto,  the  view  that  exposure  of  the  general  population  was  pre- 
dominantly associated  with  the  presence  of  pesticide  residues  in  food 
has  been  reflected  in  the  efficient  monitoring  of  total  diet  samples  and 
individual  foods,  but  only  sporadic  attention  to  other  sources  of  ex- 
posure. It  is  now  evident  that  much  can  be  learned  by  monitoring  the 
end-product  of  human  exposure  in  the  form  of  pesticide  levels  in  body 
fluids  and  tissues  of  people.  The  information  thus  obtained  is  quite 
distinct  from,  and  at  least  as  valuable  as,  the  data  on  residues  in  food; 
the  two  types  of  data  complement  each  other  admirably.  Provision 
of  information  on  human  levels,  in  adequately  detailed  coverage  of 
various  groups  within  the  general  population  is  seen  as  the  single 
most  immediate  step  towards  a better  understanding  and  surveillance 
of  total  exposure  from  all  sources  of  pesticides. 

Sophistication  achieved  through  the  use  of  modern  techniques  has 
made  possible  the  study  of  absorption,  disposition,  metabolism  and 
excretion  of  some  pesticides  in  man.  Experience  derived  from  animal 
studies  has  provided  guidance  in  directing  the  appropriate  procedures 
to  the  investigation  of  the  liehuvior  of  pesticides  in  the  human  body. 
To  date,  the  most  significant  information  of  this  sort  relates  mainly  to 
two  organochlorine  |>esticide  groti|*s,  namely  1>1)T  and  allied  com* 
]K>unds  as  well  as  the  aldrin-dieldrin  group.  Knowledge  of  the  dy 
namic  aspects  of  the  liehavior  of  these  two  pesticide  groups  in  the 
human  liody  is  far  from  complete,  but  already  some  important  facts 
have  lieen  established.  In  general,  for  any  given  level  of  pesticide  in* 
take,  an  equilibrium  level  of  pesticide  is  attained  in  blood  and  body 
fat,  despite  continuing  exposure.  The  precise  concentration  at  which 
the  plateau  is  established  is  directly  related  to  the  level  of  exposure 
but  also  to  other  determining  factors.  In  the  case  of  aldrin-dieldrin, 
the  blood  level  appears  (o  1*  a reliable  measure  of  exposure.  It  ap|>e.ars 
further,  that  f)I)T  in  blood  is  directly  related  to  recent  ex|x>sure,  while 
in  contrast  DDK  in  Mood  is  a reflection  of  long  term  exposure. 

A detailed  survey  of  rase  report*  of  incidents  involving  accidental 
tK>isoning  by  orgnnocldorine  pesticides  reveals  that  their  general  ac- 
tion is  to  increase  the  excitability  of  the  nervous  system,  foment' there 
compounds  also  damage  the  liver.  Their  capacity  to  penetrate  intact 
human  skin  varies  from  one  roni|*>und  to  another:  in  the  care  of  en- 
drin,  for  example.  | >00  nf  ancons  |X'nelralb*i  plays  an  im|*n1ant  part 
in  clinkal  intoxication.  Within  the  nrg.i mn-ldoi ine  irroup  of  com- 


pounds  there  is  a wide  range  of  potential  for  acute  toxicity:  DDT  is 
relatively  safe  in  terms  of  acute  intoxication,  while  dieldrin  and  endrin 
have  produced  many  cases  of  serious  poisoning.  Lindane  presents  a 
special  problem,  inasmuch  as  it  lias  been  implicated,  largely  on  the 
basis  of  circumstantial  evidence,  in  the  causation  of  hematological 
disorders.  A characteristic  of  organochlorine  poisoning  is  the  dif- 
ficulty of  establishing  the  correct  diagnosis.  This  is  especially  true  in 
cases  of  mild  |>oisoning  that  result  in  nonspecific  symptoms  and  signs, 
since  except  in  the  case  of  dieldrin  there  are  no  established  criteria  for 
diagnosis  on  the  basis  of  blood  levels.  Specific  therapeutic  measures 
do  not  exist. 

Inhibitor  of  cholinesterase  enzymes  bv  the  organopliospliatc  pesti- 
cides appears  to  be  the  only  important  manifestation  of  acute  or 
chronic  toxicity  produced  by  this  class  of  eom|x>unds,  Orcnt  variation 
in  acute  toxicity  from  one  command  to  another  characterizes  this 
group,  which  includes  some  of  the  most  toxic  materials  used  by  man. 
Cholincstenisc  inhibition  results  in  a well-defined  clinical  pattern  of 
intoxication  which  can  be  readily  diagnosed.  Specific  therapeutic 
measures  arc  available  and,  provided  they  are  pressed  with  sufficient 
speed  and  vigor,  are  highly  effective.  Skin  penetration  by  orgnnophos- 
phates  may  bo  substantial.  In  view  of  the  toxic  potential  of  these  com- 
pounds, protection  of  workers  ex|>06ed  to  them  assumes  utmost  impor- 
tance, Protective  measures  should  include  education,  training,  proper 
equipment  design,  suitable  |>ersonal  protection  devices,  careful  medical 
surveillance  and  welhorganizod  facilities  ready  to  treat  casesof  poison- 
ing with  a minimum  of  delay. 

Carbamate  pesticides  are  also  cholinesterase  inhibitors  but*,  because 
of  rapid  in  vitro  reactivation  of  the  enzyme,  measurement  of  cholines- 
terase activity  is  not  a reliable  guide  to  exposure.  As  with  organo- 
phosphates,  the  toxic  potential  of  some  members  of  the  carbamate 
group  is  very  great. 

Controlled  exposure  of  human  volunteers  to  iK^icid^jimler  close 
medical  supervision  constitutes  the  most  reliable  approach  to  the 
unequivocal  evaluation  of  long-term  effects  of  low  levels  of  pesticide 
exposure.  The  difficulties  Involved  in  maintaining  such  studies  have 
inevitably  resulted  in  very*  small  groups  of  subjects  being  exposed  for 
any  appreciable  length  of  time.  The  longest  studies  on  record  have 
lasted  less  than  four  years  and  the  results  can  only  reflect  the  period 
of  study.  Consequently,  the  findings,  especially  when  they  are  negative, 
are  open  to  question  when  taken  by  themselves.  It  apjears,  however, 
that  present  levels  of  exposure  to  ?>!>T  among  the  general  population 
have  not  produced  any  observable  adverse  effect  in  controlled  studies 
on  volunteers.  The  same  is  I rue  of  aldrin  dieldrin.  These  findings  ac- 
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quire  greater  force  when  combined  with  observations  on  other  groups, 
such  as  occupationally  exposed  arsons. 

With  orgnnophosplmtc  |>esf icicles,  the  problem  of  human  residues 
docs  not  arise  because  these  com|>onnds  arc  not  stored  in  body  fat. 
Here  the  risk  is  one  of  acute  )>oisoniiig.  Much  accidental  |>oisoning  is 
attributable  to  public  ignorance  of  the  toxicity  of  these  chemicals  ami 
neglect  of  appropriate  precautions  in  their  use  and  storage.  In  de- 
veloping countries  serious  accidents  result  from  storage  of  pesticides 
in  unlnbeled  bottles  and  of  food  in  used  |*\sticide  containers.  Epi- 
demics of  acute  poisoning  follow  spillage  of  concent  rated  organophos- 
phntes  into  bulk  food  or  water  sources.  The  hazard  to  human  life  is 
shared  by  fish  and  wildlife.  Regional  pesticide  protection  teams  are 
suggested  as  a means  of  investigating,  recording  and  ultimately  pre- 
venting accidents  of  this  sort. 

Industry  has  made  much  progress  towards  safe  handling  of  j>esti- 
cidos.  Nonetheless,  a very  real  occupational  hazard  exists,  and  exten- 
sion of  preventive  measures  should  include  regular  blood  testing  for 
evidence  of  organophospbate  exjiosure.  A limit  for  T)DT  and  other 
orga  nochlorine  jiesticides  in  blood  should  lie  established  to  prevent 
overex|K»sure. 

Pesticide  ex|>osii re  cxt>erieneed  by  the  population  at  large  is  in  part 
the  legacy  of  earlier  excessive  or  injudicious  use  of  |>crsistent  |iesticides. 
Residues  of  those  coni|>oiinds  have  licen,  and  are  still  l>eiiig  acquired 
from  all  articles  of  diet  and  a variety  of  other  environmental  sources. 
This  is  the  major  source  of  public  concern.  Although  a numltcr  of  in- 
sistent |Krsticides  can  lie  identified,  attention  is  centered  on 
and  closely-related  corn | founds,  the  most  ubiquitous  and  predominant 
of  alt  | x*st icicle  residues  in  man.  Tire  consequences  of  these  prolonged 
exposures  on  human  health  cannot  Ik>  fully  elucidated  at  present.  Evi- 
dence from  workers  who  are  subject  to  vastly  greater  cx)>osnre  than  the 
public  is  reassuring  hut  far  from  complete.  Animal  ex|>erimenls  clarify 
certain  issues  hut  the  results  cannot  lie  extrai>o]ated  directly  to  man. 
On  the  basis  of  present  knowledge,  the  only  unequivocal  consoqnoee  of 
long-term  ex|>osure  to  |>crsistent  jiesticides,  at  the  levels  encountered 
by  the  general  imputation,  is  the  acquisition  of  residues  in  tissues  and 
Imdy  fluids.  Xo  reliable  study  has  revealed  a causal  association  Imtwcen 
the  presence  of  these  residues  and  human  disease. 

l)espile  such  reassurance,  realization  of  the  paucity  of  our  knowl* 
edge  in  this  area  flows  from  increasingly  sophisticated  studies  on  hu- 
man residues  of  DDT  and  related  conqiounds.  Tliere  ap|>ears  to  lie 
marked  geographical  stratification  of  DDT  residues  in  our  imputation, 
the  average  levels  in  the  cooler  isotherms  Iming  one-half  of  those  in 
the  warmer  climates.  None  of  these  observation?  apply  to  residues  of 
dieldrin.  Such  findings  cast  serious  donlit  on  accepted  lioliefs  that 


food  is  the  predominant  source  of  DDT  residues  and  that  the  entire 
general  population  has  reached  equilibrium  as  regards  acquisition  of 
such  residues. 

Reopening  these  questions  emphasizes  the  inadequacy  of  present 
monitoring  of  ox|>osuro  bv  relying  mainly  on  analysis  of  food.  This  ns- 
l>ect  was  stressed  above.  It  also  renders  more  urgent  the  need  to  con- 
tain and  eventually  greatly  reduce  the  extent  of  human  and  animal 
contamination  by  ]>est icide  residues.  Existing  knowledge  confirms  the 
feasibility  of  inducing  active  withdrawal  of  pesticide  residues  from  the 
human  lxxly  but  further  research  to  achieve  a practical  moans  of  at- 
taining this  goal  is  needed. 

A survey  of  the  reported  effects  of  pesticides  on  lal*>ratorv  animals 
has  furnished  information  on  factors  and  experimental  conditions 
that  could  not  easily  1)©  reproduced  in  human  studies.  For  example, 
the  influence  of  diet  on  i>cstieide  toxicity,  and  particularly  lack  of 
dietary  protein,  has  revealed  substantial  increases  in  acute  toxicity 
of  some  |*stieides.  In  this  as  in  some  other  sections  of  our  report  ref- 
erence is  made  to  the  capacity  of  organochlorine  pesticides  to  bring 
nlxnit  a great  increase  in  the  activity  of  liver  enzymes  responsible  for 
the  metabolism  of  foreign  compounds.  This  phenomenon  of  enzyme  in- 
duction has  been  extensively  studied  in  animals  and  is  discussed  in  de- 
tail in  the  report  of  the  Panel  on  Interactions,  Comparable  enzyme  in- 
duction in  the  human  liver  isbrought  alxwt  by  many  drugs  and  also  by 
DDT.  It  is  a sad  comment  on  the  dearth  of  knowledge  ef  human  physi  - 
ology  to  |>oint  out  that  the  threshold  dose  of  DDT  for  induction  of 
metabolizing  enzymes  in  human  liver  is  unknown. 

Special  sections  of  the  re|>ort  deal  with  the  possible  effects  of  pesti- 
cides in  bringing  about  heritable  alterations  in  the  genetic  material 
(mutagenesis),  effects  on  reproduction,  including  malformations  in  the 
fetus  or  newborn  infant  (teratogenesis)  and  increasing  the  incidence 
of  various  forms  of  cancer  (carcinogenesis).  The  data  available  relate 
only  to  experimental  animats  or  to  lower  forms  of  life.  At  the  present 
time  we  do  not  know  whether  or  not  such  results  are  applicable  to 
man.  While  there  is  no  evidence  to  indicate  that  pesticides  presently 
in  use  actually  cause  carcinogenic  or  teratogenic  effects  in  man,  never- 
theless, the  fact  that  some  pesticides  cause  these  effects  in  experimental 
mammals  indicates  cause  for  concern  and  careful  evaluation.  It  is  pru- 
dent to  minimize  human  exposure  to  substances  producing  these  ad- 
verse effects  in  mammals  while  additional  investigations  are  under- 
taken to  assess  the  jtofential  of  such  suspect  pesticides  for  causing  ad- 
verse effects  in  man.  There  is  a need  to  develop  standard  protocols 
for  safety  evaluation  that  are  sufficiently  flexible  to  permit  an  individ- 
ual approach  to  the  particular  and  often  unique  problems  presented 

IIS 


by  each  |>estioide.  Assurance  of  safety  to  man  demands  social  tech- 
niques, not  only  for  extrapolation  of  animal  data  to  man,  but  also  for 
evaluation  of  controlled  human  expsure.  Much  effort  will  be  required 
to  attain  these  objectives.  Research  in  these  areas  should  be  expanded 
and  imbued  with  a greater  sense  of  urgency  titan  that  manifested 
l)efore. 

The  Panel  on  Interactions  has  provided  a valuable  analysis  of  the 
manner  in  which  pesticides  can  interact  with  one  another,  and  with 
drugs  and  other  environmental  agents,  in  exercising  effects  on  man 
and  animals.  Once  again  one  is  struck  by  the  complexity  and  impor- 
tance of  these  interrelationships  and  by  the  extent  of  our  ignorance  of 
effects  on  man. 

To  sum  up,  the  field  of  |>csf  icicle  toxicology  exemplifies  the  absurdity 
of  a situation  in  which  200  million  Americans  are  undergoing  life- 
long ex|K>siire,  yet  our  knowledge  of  what  is  happening  lo  them  is  at 
l)0St  fragmentary  and  for  the  most  part  indirect  and  inferential. 
While  there  is  little  ground  for  foreliodings  of  disaster,  there  is  even 
less  for  complacency.  The  pro|*»r  study  of  mankind  is  man.  It  is 
to  this  study  that  we  should  address  ourselves  without  delay. 

Nr  ms 

Improvement  in  the  present  situation  requires: 

I.  Organisation  of  resources  for  effective  continuing  action. 

II.  Improved  registration  and  review  practices, 

III.  Clarification  and  strengiheniugof  laws  and  tegulations 

IV.  Action  to  improve  Hie  health  of  the  public. 

V.  Initiate  programs  to  evaluate  and  provide  a system  of  graded 
actions  for  existing  contamination  or  contamination  which  can- 
not 1)0 controlled  at  tliesonrcc. 

VI.  Research  ami  investigations, 

VII.  Industrial  eoo|>er*l  ion. 

I.  Orffanfcathn  of  rr*ourtr* 

In  view  of  the  current  organisation  of  the  Departments  involved 
in  the  control  of  |>estioides,  and  inter-Dcpartmental  relationships, 
there  is  a need  for  a single  organizational  unit  that  might  I*  called 
a pesticide  lioard  at  Hie  level  of  the  IVjwrtment  of  HKW  to  make 
the  final  risk-benefit  judgments  for  the  guidance  of  the  Secretary. 
The  l>oard  through  a central  staff  and  peripheral  o|ioralional  units  is 
intended  to  fulfill  the  following  functions: 

/.  Organisation  and  trphtation.- — Supervise  the  regulatory,  registra- 
tive  and  review  activities  either  directly  or  through  other  o|iorating 
units;  serve  as  the  principal  planning  and  budgetary  organization  for 
the  Secretary  in  the  pesticide  field;  coordinate  and  promote  an  overall 
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Federal  pesticide  control  program  with  the  other  Departments  having 
a major  interest  in  pesticides,  i.e.,  the  Department  of  Agriculture, 
Department  of  the  Interior,  and  the  Office  of  Science  and  Technology. 

Tlio  board  should  consider  the  most  effective  way  or  organizing 
existing  resources  currently  designated  os  pestieide  activities,  spe- 
cifically  the  activities  of  the  Bureaus  of  Science  and  Medicine  of  the 
Food  and  Drug  Administration.  It  should  also  consider  pesticide 
resources  currently  related  to  the  National  Institutes  of  Health,  the 
Healtli  Services  and  Mental  Health  Administration,  other  Admin- 
istrations of  Consumer  Protection  and  Environmental  Health  Service, 
and  the  regulatory,  review,  laboratory  and  investigative  resources  in 
the  Food  and  Drug  Administration. 

2.  Service. — Establish  investigative  teams  and  monitoring  systems; 
collect  data  on  pesticide  contamination  of  man  and  his  environment ; 
set  up  educational  and  preventive  programs  throughout  the  opera- 
tional units. 

The  board  should  initiate  plans  for  a coordinated  surveillance  sys- 
tem based  upon  giving  first  priority  to  measurements  of  human  ex- 
posure or  measurements  which  can  be  quantitatively  related  to  human 
exposure.  This  involves  supplementation  of  programs  which  monitor 
food  for  regulatory  purposes.  Preferably,  human  tissues  and  body 
fluids  should  bo  the  basic  indices.  The  system  should  provide  informa- 
tion for  the  board  on  its  risk-benefit  judgments,  and  data  to  give 
perspective  to  the  regulatory  programs  related  to  specific  media  ( food, 
air,  water)  or  formulations  (pesticide  registration).  All  information 
from  Federal,  State  and  foreign  sources  regarding  any  aspect  of 
pesticide  usage,  pesticide  related  human  morbidity  and  mortality  ex- 
perience, ecological  impact,  etc.,  should  be  put  into  retrievable  form. 
This  information  should  be  made  available  to  governmental  agencies, 
the  news  media,  industry  and  the  public-at-large,  A principal  use  of 
this  data  bank  would  be  the  identification  of  areas  of  ignorance.  It 
could  also  inform  the  public  of  progress  being  made  toward  safe  use 
of  pesticides. 

The  board  could  develop  a plan  to  focus  existing  training  and  educa- 
tion activities  and  to  determine  deficiencies  and  develop  resources  to 
fill  the  most  significant  gaps. 

Education  of  the  public  should  begin  at  the  earliest  possible  age 
and  continue  throughout  the  school  and  college  career.  How  to  live 
with  toxic  chemicals  should  be  as  ingrained  into  the  public  mind  as 
the  precautions  necessary  to  cross  a highway.  Parents,  teachers,  chem- 
ists and  everyone  else  in  any  way  involved  should  be  encouraged  to 
participate  in  the  development  of  general  awareness  and  understand- 
ing of  the  principles  of  safe  use  of  pesticides  and  other  toxic  chemicals 
in  and  out  of  the  home. 


•?.  Information. — Obtain,  analyze  mid  publish  relevant  information 
on  tbc  effects  of  t>cstici<leson  human  health  and  environmental  quality. 
Kx]>ert  interpretation  of  the  significance  of  the  findings  is  an  essential 
part  of  this  function. 

The  hoard  could  also  immediately  consider  met  boils  of  improving 
and  consolidating  the  existing  |>eriodicals  related  to  i>esticides,  the 
Pesticide  Monitoring  Journal  of  the  Federal  Committee  on  Pesticide 
Control  and  the  Health  Aspects  of  Pesticides  into  a periodical 
providing  information  on  all  the  health  as|>ects  of  pesticides.  Expert 
critical  interpretation  of  the  significance  of  this  information  lias 
hitherto  been  lacking,  and  should  be  provided. 

4.  ftesrairh. — Establish  priorities  for  research  related  to  exposure 
and  effects,  methols  of  sampling  and  analysis,  and  epidemiology ; 
establish  investigative  teams,  monitoring  systems,  and  evaluative 
organizations. 

//.  Registration  and  reriar  in  order  to  tedttre  piesenf  and  future 
exposures 

The  registration  of  any  J>esticide,  |>ersistent  or  otherwise,  should 
be  subject  to  |>ciiodic  review  and  renpproval  by  the  board  and  in  no 
event  should  a pesticide  registration  I*  effective  for  a jieriod  longer 
than  two  years, 

A.  The  present  residue  tolerances  and  registration  of  j>crsistent 
jiesticides  should  lie  reviewed  immediately  to  restrict  the  various 
uses  presently  authorized  by  current  registrations  only  to  those  that 
are  essential  for  protection  of  public  health  or  essential  for  high 
priority  production  of  food  and  filler  where  no  effective  non-persistent 
jiesticide  or  alternative  control  methods  are  available.  The  use  expert* 
ence  of  each  registered  jiesticide  should  lie  reviewed  eveiy  2 years. 
Provision  should  l>e  made  to  withdraw  registration  wherever  use 
experience  is  unfavorable  for  health  reasons  or  ecological  reasons. 
Input  from  health  agencies,  agricultural  agencies,  universities,  con- 
servation groups,  etc.  should  be  sought. 

II.  Registrations  granted  for  new  pesticides  should  initially  lie 
granted  only  on  a provisional  basis  with  restricted  usage  while  eco- 
logical and  biomedical  data  on  |K*rsis*cnce,  hiomagnification,  and 
adverse  side  effects  on  man's  health  or  hi?  environment  are  being 
developed. 

0.  New  pesticides  characterized  as  |>crsistent  (as  defined  in  report 
of  contamination  in  Chapter  2),  or  likely  to  undergo  significant  hio- 
magnification, or  potentially  threatening  manV  health  or  the  quality 
of  his  environment  should  not  be  granted  a provisional  registration 
unless  deemed  necessary  for  protection  of  public  health  and/or 
essential  production  of  food  and  filler. 


III.  Legislative  and  interdepartmental  agreements 

The  Federal  Insecticide,  Fungicide  tiiul  Itodenticide  Act  should  he 
modified  so  that  any  use  of  a pesticide  cun  only  bo  registered:  1.  with 
the  approval  of  the  Secretary  of  the  Department  of  Health,  Education, 
and  Wei  fa  re;  2.  after  consideration  of  possible  consequences  and 
environmental  contamination. 

As  an  interim  step,  the  interdepartmental  agreement  (Federal 
Register,  May  1,  1004)  should  be  clarified  so  that  procedure  of  label 
review  for  USDA  by  IIEW  and  ITSDI  shifts  the  burden  of  proof 
from  the  Federal  agencies  to  industry  (the  applicant  for  registration) . 
Specifically,  section  2(d)  of  the  Agreement  should  be  revised  to  delete 
the  requirement  that  tD*  Federal  agency  which  objects  to  a label  regis- 
tration must  support  its  objection  by  “appropriate  scientific  evidence.” 
Moth  industry  and  government  should  be  expected  to  supply  sufficient 
evidence  to  enable  the  proposed  IIEW  pc  ficide  board  to  reach  a 
decision. 


IV.  Action  to  improve  protection  of  the  health  of  the  public 

A.  Strict  limitation  of  permitted  uses  of  DDT  to  those  that  are 
essential  for  public  health  purposes. 

Ih  No  extension  in  present  limited  uses  of  aldrin,  dieldrm,  hepta- 
chlorand  heptachlor  epoxide,  MIC  and  lindane. 

C.  Discourage  home  use  of  persistent  pesticides. 

D.  Prohibit  introduction  of  pesticides  of  intermediate  or  high  toxi- 
city into  the  home. 

E.  Exercise  more  ingenuity  in  the  design  and  development  of  home 
baits  to  reduce  the  hazard  of  human  and  animal  intoxication. 

F.  Monitor  effluent  from  pesticide  manufacturing,  formulating  and 
distribution  plants. 

G.  More  efficient  application  of  pesticides  by  means  of  improved 
equipment  and  bet  ter- trained  personnel  (see  other  subgroup  recom- 
mendations). 


V .  Provide  for  a system  of  evaluation  and  graded  actions  for  con • 
lamination  unsusceptible  to  control  at  the  source 
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that  a series  of  graded  levels  and  actions  be  established  for  pesticides, 
leading  to  the  decisive  action  of  removal  from  the  market.  These  might 
include: 

Grade  1— Levels  of  concentration  requiring  only  general  surveil- 
lance. 

Grade  2— Levels  of  concentration  requiring  measurements  rent- 
able to  exposing  in  humans. 

Grade  3 — Levels  of  concentration  requiring  assessment  of  human 
intake  and  exposure  and  initiation  of  actions  to  reduce 
concentration  through  variations  in  harvesting,  proc- 
essing, and  distribution  techniques. 

Grade  4 — Levels  of  concentration  requiring  removal  from  the 
market. 

Swell  a series  of  graded  actions  would  probably  be  unique  for  each 
group  of  pesticides  and  perhaps  for  each  active  substance,  and  in  some 
cases  for  specific  combinations  as  they  exist  as  contaminants.  Consid- 
erations for  evaluations,  while  related  generally  to  concentration  levels, 
must  basically  relate  to  exposure  of  a susceptible  group  of  the  popula- 
tion. The  consumption  of  a food  and  its  replaeeability  in  the  diet 
must  be  given  adequate  consideration  as  the  several  gradings  are  estab- 
lished. Likewise,  the  state  of  the  evaluatory  ait  and  science,  and  the 
capability  of  the  sampling  and  analysis  systems  must  be  weighted  in 
the  grading  of  the  pesticide  with  regard  to  both  the  concentration  in 
a given  food  product  and  the  health  implications  of  human  exposure 
to  the  pesticide. 

VL  Research  and  investigations 
A.  Urgent  research  needs: 

i.  To  achieve  more  detailed  understanding  of  the  mechanisms 
of  absorption,  distribution,  metabolism,  storage  and  elimination 
of  pesticides  in  man. 

ii.  To  define  the  impact  of  other  environmental  chemicals  on 
the  pharmacokinetics  of  pesticides  on  man. 

iii.  To  elucidate  the  effects,  if  any,  of  pesticide  exposure  on 
human  exposure  to  dings  and  other  environmental  chemicals. 

iv.  To  delineate  the  influence  of  age,  sex,  various  nutritional 
and  disease  states  and  climatic  conditions  on  these  aspects  of  man’s 
response  to  pesticides. 

v.  Areas  of  special  concern : these  relate  to  studies  on  human 
volunteers  aimed  at  investigating  under  conditions  of  controlled 
exposure  such  aspects  as  sensitization;  behavioral  effects;  signifi- 
cance of  lowering  of  blood  cholinesterase;  reduction  of  body 
burden  of  pesticides  by  dietary  and  therapeutic  measures. 


vi.  Development  of  improved  methods  for  detection  of  hepatic, 
renal  and  CNS  effects  of  pesticides  in  man. 

vii.  Investigations  in  animals.  It  is  imperative  that  work  in 
animals  be  directed  more  closely  to  tv  practical  objective:  the 
need  to  maximize  our  understanding  and  control  of  the  enacts  of 
pesticides  in  man.  Accordingly,  attention  should  be  given  to  more 
detailed  study  of  the  following  aspects  of  pesticides: 

a.  Effects  of  exposure  on  hemopoiesis,  heme  synthesis  and 
other  biosynthetic  processes. 

b.  Carcinogenesis,  mutagenesis  and  teratogenesis  brought 
about  by  pesticides,  including  the  development,  evaluation 
and  interpretation  of  testing  procedures. 

c.  Interaction  among  pesticide  effects  and  between  pesti- 
cides and  ot her  chemicals  found  in  the  environment. 

B.  Investigative  needs — pesticide  protection  teams:  The  pesticide 
protection  team  is  envisaged  as  being  a area-wide  three-man  multi- 
disciplinary team  with  investigationary,  recording,  and  health  and 
safety  promotional  responsibilities.  The  investigationary  role  will 
call  for  the  exploration,  investigation  and  documentation  of 
episodes  of  pesticide  poisoning  and  environmental  contamination. 
Prevalence  levels  of  pesticide  residues  obtained  by  collecting  mean- 
ingful samples  from  man  and  wildlife  will  be  monitored  and  sur- 
veillance of  cholinesterase  and  other  biological  indices  of  exposure  in 
the  exposed  worker  promoted.  In  addition,  the  uses  of  pesticides  will 
be  documented  and  reviewed.  By  example  and  education  a more  in- 
formed and  safer  community  atmosphere  will  be  engendered.  It  is 
proposed  that  a sanitarian,  a representative  from  the  county  agricul- 
tural agency,  and  a representative  of  fish  and  wildlife  form  this  three- 
man  team,  reflecting  the  participation  of  health,  agriculture  and 
wildlife  ecology.  Their  functions  can  be  described  under  the  following 
categories:  investigation  and  reporting  of  episodes,  surveillance, 
monitoring  and  education. 

a . Investigation  and  reporting  of  episodes . — The  team  would : 

i.  Set  up  a reporting  system  of  human  pesticide  poisonings  and 
significant  fish  or  wildlife  perils  due  to  accidental  misuse  of 
pesticides. 

ii.  With  the  assistance  of  appropriate  local  agencies,  carry  out 
a field  or  site  visit  at  the  scene  of  the  incident,  documenting  the 
circumstances  and  causes  of  the  poisoning,  collecting  the  appropri- 
ate samples  for  chemical  analysis,  and  taking  the  necessary  steps 
for  the  prevention  of  similar  incidents. 

iii.  Compile  and  submit  all  episodic  data  to  the  environmental 
toxicology  organization  at  the  regional  level. 


b.  Surveillance: 

i.  The  regular  clinical  surveillance  of  the  occupationally  ex- 
posed worker  should  be  promoted.  Clinical  intoxication  should  be 
prevented  by  routine  cholinesterase  testing.  Workers  should  be 
withdrawn  from  further  exposure  when  blood  studies  are  indica- 
tive of  hazardous  absorption.  The  program  should  be  extended 
to  cover  agricultural  laborers,  part-time  employees,  migrants,  crop 
dusters  and  swampers,  formulators  and  manufacturers. 

ii.  Pesticide  practice  both  in  urban  and  rural  communities 
would  bo  reviewed.  From  time  to  time  appropriate  soil  and  water 
samples  would  be  collected  to  ascertain  that  chemicals  are  not 
being  misused  or  inappropriately  used.  Obvious  environmental 
sources  of  pesticides  such  as  smoke  and  waste  effluents  from  manu- 
facturing and  formulating  plants  would  be  monitored  on  a regular 
basis. 

VII . Industrial  cooperation 
A.  Higher  standards  should  be  set  in  respect  to : 

i.  Design  of  containers:  lips,  closures,  proof  against  mishan- 
dling, corrosion. 

ii.  Labeling  of  containers  including  simplification  of  names  on 
domestic  pesticide  containers. 

in.  Disposal  of  containers:  Systems  should  be  considered  which 
will  insure  the  return  and/or  proper  disposal  of  containers.  These 
should  include  a plan  for  disposal  in  the  application  for  registra- 
tion, and  notification  to  public  health  authorities  of  the  nature  of 
the  pesticide,  and  the  precautions  that  must  be  taken  to  avoid 
hazards  to  the  public  health  during  the  disposal  processes. 

iv.  Limitation  of  ‘‘blunderiMss”  pesticide  or  pesticide- fertilizer 
products. 

Preface 

The  sections  of  this  report  were  developed  in  several  ways,  varying 
from  individual  authorship  and  review*  by  the  Subcommittee  to  sec- 
tions developed  by  the  Subcommittee  as  a whole.  The  sections  on  Inter- 
pretative Pitfalls  were  written  by  the  Subcommittee. 

Pharmacokinetics  of  Organochlorine  Insecticides  w*as  written  by 
Dr.  J.  Robinson,  Tunstall  Laboratory  of  Shell  Research  Limited, 
London.  Dr.  Wayland  J.  Hayes  w as  the  principal  author  of  Controlled 
Human  Exposures.  Epidemiology  of  Pesticides  was  largely  the  work 
of  Dr.  John  E.  Davies  and  Dr.  Thomas  H.  Milby.  Clinical  Case  Re- 
ports was  authored  jointly  by  Drs.  Dudley  P.  Miller,  Griffith  E. 
Quinby,  and  Thomas  H.  Milby.  Dr.  George  B.  Hutchison  was  the 
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author  of  An  Appraisal  of  Hazards  to  Man  from  Long-Term  Expos- 
ure to  Pesticides. 

Cutaneous  Aspects  was  prepared  by  Dr.  H.  1.  Maibach.  JJehavioral 
Effects  of  Pesticides  was  developed  by  I)r.  Griffith  E.  Quinhy.  Dr.  Wil- 
] lam  F.  Durham  wrote  the  section  on  Experimental  Animals.  Dr.  J.  H. 
Wills  prepared  the  document  on  Prevent! re  and  Therapeutic  Measures 
from  which  the  final  version  was  developed. 

The  other  sections  were  initially  drafted  by  one  member  of  the 
Subcommittee  but  generally  reflect  the  thinking  of  all  the  members.  It 
should  be  noted  that  Dr.  John  E.  Davies,  while  officially  listed  as  a 
special  assistant,  served  as  a full  member  of  the  subcommittee. 

The  Commission  recognized  that  some  aspects  of  the  biological 
effects  of  pesticides  required  special  study.  Carcinogenesis , Mutagene- 
sis, Teratogenesis , and  Interaction  were  designated  as  Panels  by  the 
Commision  in  oitfcr  to  reflect  the  special  interest  attached  to  these 
subjects  and  to  facilitate  in-depth  evaluations  of  the  available  scien- 
tific evidence  by  additional  experts  in  biomedical  sciences.  The  subcom- 
mittee on  Human  Effects  had  liaison  association  with  the  Panels,  but 
(heir  organization,  evaluations,  summaries,  and  conclusions  were 
determined  by  the  Panel  membership,  not  the  Subcommittee  on  Human 
Effects. 

INTRODUCTION 

We  accept  that  today,  as  throughout  mans  history,  safety  is  a rela- 
tive term.  In  any  of  his  activities,  whether  awake  or  asleep,  man  cannot 
achieve  absolute  safety.  While  the  risks  to  health  that  abound  in  the 
home,  in  the  street  and  at  work  are  accepted  as  inevitable  and  are 
limited  as  far  as  possible,  the  hazards  to  health  that  stem  from  environ- 
mental exposure  to  chemical  agents  are  usually  beyond  the  capacity  of 
the  individual  to  control.  By  their  very  nature — such  as  chronicity  or 
subtlety  of  effects  produced — the  risks  deriving  from  this  source 
constitute  an  altogether  different  dimension  from  all  others  (except 
for  radiation)  in  their  threat  to  human  safety.  Pesticide  exposure  is 
but  one  sector  of  environmental  chemical  hazard,  yet  its  problems 
typify  the  complexities  of  the  chemical  sophistication  of  our  society. 

Our  concern  here  is  with  the  impact  of  pesticide  exposure  in  all  its 
facets  on  the  broad  perspectives  of  environmental  health  in  man.  In 
this  context  onr  definition  of  health  necesarily  encompasses  more  than 
the  absence  of  disease.  Included  in  onr  view  of  health  is  the  feeling  of 
well-being  and  capacity  for  happiness  that  derives  from  a suitable 
environment : suitable  in  the  sense  that  it  makes  possible  the  enjoyment 
of  nature  and  her  bountiful  provision  of  flora  and  fauna.  From  this 
standpoint  therefore  any  factor  or  activity  that  detracts  from  the 
variety  of  the  environment,  that  reduces  its  capacity  to  contribute  to 


health,  is  fundamentally  undesirable.  This  broad  generalization  must, 
however,  bo  tempered  by  the  practical  realities  and  priorities  of  human 
existence  on  the  earth. 

The  need  to  provide  food  and  other  crops  and  to  prevent  or  eradi- 
cate' insect-borne  disease  constitute  problems  which  many  countries 
must  necessarily  regard  as  outweighing  in  importance  the  potential 
or  even  actual  hazards  to  health  involved  in  the  use  of  pesticides. 
Hence  we  must  recognize  at  the  outset  that  protection  of  human  health 
involves  a system  of  priorities  which  are  necessarily  different  from 
place  to  place.  A good  example  from  another  field,  that  of  food  addi- 
tives, is  provided  by  the  use  of  hydrogen  peroxide  to  preserve  milk. 
This  practice  would  not  be  tolerated  in  countries  where  the  customary 
methods  of  milk  distribution  are  available.  Yet  the  Joint  F AO/WHO 
Expert  Committee  on  Food  Additives  recognized  that  in  some  areas 
of  the  world  safe  milk  would  not  be  available  at  all  unless  a preserva- 
tive could  be  added,  and  hydrogen  peroxide  appears  to  be  effective  for 
this  purpose. 

Much  of  this  section  of  the  report  is  taken  up  with  discussion  of 
toxicological  complexities,  epidemiological  uncertainties  and  a frank 
acknowledgement  of  the  vast  areas  of  ignorance  in  our  understanding 
of  the  effects  of  pesticides  on  man.  Some  of  the  reasons  for  this  state 
of  affairs  will  be  discussed  below.  It  is  appropriate  here  to  consider 
two  aspects:  What  degree  of  proof  is  necessary  or  desirable  for  a 
decision  to  be  reached  that  a health  hazard  exists;  and  who  lias  the 
burden  of  proof  in  this  regard? 

On  the  question  of  degree  of  proof,  a course  must  he  steered  be- 
tween the  two  extremes  usually  encountered,  namely  the  tendency 
to  jump  to  hasty  conclusions  not  warranted  by  the  available  data 
and  the  insistence  on  complete  and  irrefutable  evidence  before  action 
can  be  taken.  The  problems  have  to  be  considered  from  the  standpoint 
of  a reasonable  man,  fully  cognizant  of  the  present-  state  of  the  art 
in  the  sciences  that  constitute  the  basis  of  safety  evaluation  and 
apprised  of  all  the  facts  at  present  available  on  the  pesticide  problem. 
Actions  based  on  conclusions  that  go  beyond  the  available  information 
me  only  warranted  if  there  are  reasonable  grounds  for  the  belief  that 
the  risks  of  present  practices  outweigh  the  benefits.  The  risk  verus 
benefit  equation  thus  enters  into  this,  ns  into  all  other  judgments  on 
safety-in-use  of  chemicals. 

The  burden  of  proof  that  the  benefit  derived  from  t lie  use  of  a pesti- 
cide exceeds  the  risk  is  usually  considered  to  lie  with  the  manufacturer. 
Regulatory  authorities,  both  national  and  international,  already  insist 
on  substantial  evidence  of  safety  and  efficacy  which  takes  into  con-  - 
side-ration  the  nature  and  amounts  of  residues  on  various  commodities. 


244 


In  recent  years  the  manufacturers  have  also  hud  to  pay  increasing 
attention  to  ecological  implications  of  the  use  of  their  products.  As 
times  goes  u,  however,  and  the  realization  grows  of  the  wide  dimen- 
sions of  the  problems  presented  by  pesticide  usage,  it  is  becoming 
abundantly  clear  that  no  manufacturer  nor  group  of  manufacturers 
can  ho  expected  to  investigate  and  deal  with  the  repercussions  of 
pesticides  in  our  society.  They  may  be  rightfully  expected  to  contribute 
to  the  cost  of  surveillance  and  research  in  the  broad  areas  of  epidemi- 
ology, but  the  organization  and  execution  of  this  nil-important-  task 
is  the  responsibility  of  the  community.  It  is  the  province  of  govern- 
ments and  international  authorities  to  concern  themselves  with  inves- 
tigations and  subsequent  decisions  regarding  proof  of  safety  to  human 
health. 

The  judgment  arrived  at  by  reasonable  and  informed  opinion 
involves  an  intelligent  appraisal  of  possibilities,  an  assessment  of  un- 
certainties with  a measured  degree  of  confidence.  In  weighing  potential 
health  risks  against  potential  benefits  it  must  never  be  forgotten  that 
even  the  most  far-seeing  view  may  be  proved  erroneous  by  unexpected 
new  scientific  developments  or  by  an  altered  attribution  of  those  risks 
considered  to  be  of  utmost  importance.  An  instance  may  be  cited  in 
the  area  of  nonnutritive  sweeteners.  Earlier  safety  evaluations  took 
into  account  softening  of  stools  as  the  likely  risk  presented  by  high 
intake  of  cyelainates.  Now  one  source  of  concern  is  the  possibility  of 
carcinogenesis  brought  about  by  these  products  or  materials  derived 
from  them.  Tims  safety  evaluation  is  an  edifice  whose  construction 
is  never  completed;  nor  does  it  remain  functional  without  periodic 
reconstruction.  Strangely  enough,  both  regulatory  agencies  and  t lie 
public  view  as  loss  of  face  the  frank  recognition  that  many  earlier 
decisions  on  safety  must  inevitably  be  proved  wrong  as  scientific 
knowledge  grows.  There  is  nothing  absolute  about  such  decisions.  All 
that  we  have  a right  to  expect  at  the  time  they  are  made  is  that  they 
should  be  the  products  of  scientific  competence  and  experience,  mature 
judgment  and  full  possession  of  all  existing  data. 

The  decisions  that  now  confront  us  with  regard  to  DDT  exemplify 
the  issues  at  stake  in  the  judgments  to  be  made  concerning  pesticides. 
Firstly,  there  are  the  quantitative  aspects  of  the  amounts  accumulated 
in  man’s  environment  and  their  very  slow  rate  of  diminution,  even 
when  all  further  cumulation  ceases.  What  is  true  outside  man  is  equally 
representative  of  internal  storage  of  DDT  and  DDK  in  his  tissues. 
In  attempting  to  relate  this  situation  to  any  possible  health  hazard 
to  man  we  must  not  fail  to  take  into  account  the  implications  of  chemi- 
cals that  may  be  used  as  alternatives  to  DDT.  Such  substitutes,  and 
the  problems  associated  with  them,  have  been  referred  to  in  earlier 


sections  of  this  report.  We  must  also  recognize  that  not  every  “effect” 
brought  about  by  DDT  in  man  is  necessarily  detrimental.  For  example, 
the  capacity  of  DDT  to  stimulate  liver  processing  enzymes,  a phenom- 
enon discussed  in  detail  below,  lias  been  put  to  therapeutic  use  in  a 
case  of  familial  uncoujugated  non-hemolytic  jaundice.  The  patient 
was  rendered  anicteric  and  remained  so  7 months  after  cessation  of 
treatment-  with  DDT.  The  possibility  always  exists  that  the  pesticide 
of  today  may  find  application  as  the  drug  of  tomorrow.  Such  active 
agents  also  offer  opportunities  for  “depesticidation,”  that  is  the  safe 
withdrawal  of  pesticide  residues  from  the  body. 

Naturally,  these  lines  of  thought  invite  the  objection  that  a treat- 
ment beneficial  in  the  context  of  a clinical  situation  is  not  necessarily 
a boon  to  healthy  individuals  and  even  less  so  to  patients  with  other 
illnesses,  to  the  very  young,  to  pregnant  mothers  and  their  unborn 
infants,  and  to  the  aged  and  infirm.  Exposures  that  exercise  a negligi- 
ble, hence  acceptable,  effect  in  normal  healthy  individuals  have  to  be 
assessed  quite  separately  in  their  impact  on  these  special  groups  of  the 
population.  For  control  of  hazard  one  needs  to  take  into  account  the 
most  susceptible  members  of  the  community  and  to  delineate  selec- 
tively the  possible  toxic  effects  which  each  human  condition  may 
involve. 

INTERPRETATIVE  PITFALLS 

This  section  seeks  to  explain  some  of  the  reasons  why  simple  answers 
are  not  readily  forthcoming  to  most  of  the  questions  concerning  human 
exposure  to  pesticides.  By  having  in  mind  the  complexities  and  diffi- 
culties of  the  situation  we  aro  better  able  to  attain  the  objective  of 
reasonable  assessment  set  out  p bove. 

Toxicological  complexities 

a.  General. — Toxicology  is  directed  towards  the  evaluation  of  safety, 
basing  its  conclusions  on  studies  of  chemical  composition  and  reactivity, 
physical  properties,  degradativc  or  metabolic  transformations  under- 
gone by  the  materials  involved  and  biological  effects  of  potentially 
injurious  agents.  Such  biological  effects  are  assessed  by  means  of  ob- 
servations of  alteration  of  structure,  function  and  response  in  living 
systems. 

Just  as  a physician  relics  on  n grounding  in  basic  sciences  to  achieve 
clinical  understanding,  so — to  an  even  greater  extent — does  the  toxi- 
cologist for  the  variety  of  systems  and  organisms  with  which  lie  has  to 
deal.  Effective  consideration  and  elucidation  of  the  complex  relation- 
ships that  exist  between  dose  of  pesticide,  route  and  duration  of  ex- 
posure, time  of  observation  and  target  organs  affected  necessitates  a 
multifaceted  approach.  In  DDT  we  have  a striking  instance  of  acute 


effects  directed  towards  the  central  nervous  system,  while  long-term 
exposures  involve  the  liver  as  a primary  organ  of  attack.  For  each 
compound;  in  each  experimental  or  epidemiological  situation,  only  a 
comprehensive  review  of  the  problems  is  likely  to  provide  the  correct 
perspective.  Anything  less  than  an  all-embracing  approach  can  lead 
to  serious  distortions  of  fact  and  errors  of  interpretation.  A wide  range 
of  scientific  disciplines  needs  to  be  brought  to  bear  on  each  problem  so 
that  their  contributions  may  be  integrated  into  a well-rounded  overall 
assessment  of  hazard,  from  which  flows  the  necessary  balanced  judg- 
ment on  safety-in-use. 

While  it  is  desirable  that  those  involved  in  safety  evaluation  have 
as  broad  a scientific  background  as  possible,  so  many  types  of  expertise 
are  involved  that  toxicology  inevitably  becomes  the  effort  of  a multi- 
disciplinary team.  Even  with  the  participation  of  several  individuals, 
each  skilled  in  his  own  specialty,  the  pace  of  scientific  advance  is  such 
that  an  increasing  timelag  has  developed  in  the  application  to  toxi- 
cology of  new  knowledge  generated  in  the  basic  sciences. 

Other  factors  also  militate  against  progress  in  toxicology  com- 
mensurate with  that  occurring  in  other  branches  of  science:  the  small 
number  of  adequately-trained  toxicologists,  the  limited  facilities  avail- 
able for  training  such  experts,  the  lack  of  understanding  and  hence 
of  interest  of  the  academic  community  in  the  problems  of  toxicology. 
Most  serious  of  all  is  the  handicap  to  progress  presented  by  toxicology’s 
heritage  from  its  past.  The  procedures  for  evaluation  of  safety  devel- 
oped by  the  early  pioneers  represented  attempts  to  grapple  with  press- 
ing problems,  using  mainly  intuition  based  upon  the  body  of  knowl- 
edge available  at  that  period.  The  effluxion  of  time  has  hardened  these 
approaches  into  concrete  routes  for  achieving  acceptance  of  a product 
by  the  regulatory  authorities.  Departures  from  established  routines 
involve  risk  and  expense.  Accordingly  there  exists  a built-in  incentive 
encouraging  repet ive  performance  of  old  procedures  and  discouraging 
innovation,  particularly  the  exploration  of  radically- new  mutes  to 
safety  evaluation. 

Just  how  serious  the  consequences  of  such  attitudes  are  will  become 
clear  from  consideration  of  the  many  areas  of  ignorance  to  which  this 
report  will  call  attention.  Realization  that  such  gaps  in  knowledge 
exist  is  the  first  step  towards  remedying  the  situation;  but  further 
steps  will  necessarily  be  slow  in  coming  as  long  as  the  application  of 
new  knowledge  is  dependent  on  workers  in  the  basic  sciences.  Here 
toxicology  must  fend  for  itself.  Hence  there  must  be  provided  within 
toxicological  laboratories  multidisciplinary  teams  of  critical  size  that 
will  have  as  their  primary  task  the  development  of  new  approaches  to 


the  many  unsolved  problems  in  the  area  of  pesticide  effects  on  the 
human  body. 

b.  Special  features  of  pesticides . — The  large  heterogeneous  group 
of  compounds  covered  by  this  report  comprises  distinct  and  well- 
defined  classes  whose  properties — physical,  chemical  and  biological — 
bevr  little  relationship  to  one  another.  Their  pattern  of  use  is  a com- 
plex and  changing  one,  with  the  result  that  human  exposure  assumes 
highly  intricate  and  often  unpredictable  characteristics,  depending  on 
place,  time  and  other  circumstances  to  be  discussed  below. 

Although  pesticides  lend  themselves  to  consideration  in  groups,  it 
is  essent  ial  to  realize  that  each  product,  even  more  than  each  compound, 
is  an  individual  problem  peculiar  to  itself.  The  ideal  of  selectivity,  that 
is  specificity  of  action  limited  to  one  type  of  insect  or  plant,  is  the 
theoretical  objective  to  be  aimed  at  in  developing  the  “perfect”  pesti- 
cide, We  must  recognize  frankly  that  this  goal  is  unattainable.  Just 
as  no  drug  can  be  expected  to  restrict  its  effect  to  the  desired  receptor, 
so  with  any  biologically-active  compound  one  must  anticipate  a wide 
range  of  actions  on  a broad  variety  of  living  systems.  We  have  learned 
to  live  with  this  inescapable  fact  in  the  case  of  drugs.  We  must  accept 
it  as  fundamental  in  our  consideration  of  pesticides.  Thus  from  the 
standpoint  of  human  health,  selection  of  one  pesticide  rather  than 
another  involves  a balance  of  risks  which  are  not  qualitatively  com- 
parable; in  other  words,  there  are  as  many  differences  as  similarities 
in  metabolic  pathways,  pharmacodynamics  and  biological  effects  be- 
tween groups  of  pesticides  and  within  each  group.  It  is  this  diversity 
that  militates  against  sweeping  generalizations  and  dogmatic 
conclusions. 

Of  all  the  particular  features  of  pesticides  that  make  their  con- 
sideration a special  problem  in  toxicology,  the  quality  of  persistence 
has  special  significance  for  man  and  animals,  as  it  has  for  all  other 
parts  of  the  environment.  Prolonged  retention  in  the  body  is  by  no 
means  an  exclusive  feature  of  pesticides.  Components  derived  from 
food  or  other  sources  are  also  stored  in  tissues,  by  virtue  of  their 
lipophilic  character  coupled  with  resistance  to  metabolic  degradation, 
or  their  tendency  to  be  taken  up  by  the  reticuloendothelial  system. 
Storage  may  serve  the  purpose  of  conservation,  for  instance  of  iron, 
or  of  segregation,  as  with  heavy  metals  or  lipofuscin  pigments,  render- 
ing materials  potentially  dangerous  to  the  cell  as  innocuous  as  possible 
while  they  remain  in  storage.  While  pesticides  are  not  unique  in  being 
stored,  nevertheless  they  probably  represent  in  many  instances  the 
highest  levels  of  foreign  material  present  in  adipose  tissue  and  perhaps 
in  liver.  The  very  fact  that  certain  pesticides  have  been  studied  fairly 
intensively  from  this  point  of  view  makes  possible  a consideration  of 


the  phenomenon  of  persistence,  whereas  little  useful  of  the  sort  could 
bo  said  about  other  classes  of  exogenous  compounds  finding  their  way 
into  storage  sites  in  the  body. 

e.  Agent  and  environmental  variable*. — Some  of  the  complexities 
of  the  pesticide  problem  arise  from  the  fact  that  these  are  technical- 
grade  materials  often  containing  by-products  and  other  impurities 
whoso  nature  and  proportions  may  vary  from  one  source  to  another, 
may  vary  (in  countries  where  adequate  control  is  not  exercised)  from 
one  batch  to  another  from  the  same  manufacturer  and  may  change 
under  conditions  of  storage.  The  accompanying  impurities  may  them- 
selves play  an  important  part  in  the  biological  effects  of  a pesticide, 
for  instance  in  human  sensitization  to  a product.  Moreover,  the 
impurities  may  interact  with  one  another  and  with  other  compounds 
present  in  a pesticide  formulation.  This  raises  the  question  of  the 
many  formulating  agents  that  are  used  and  the  effects  of  storage  on 
the  toxicity  of  the  vehicles. 

Changes  in  t lie  compounds  involved  in  the  application  of  a pesticide 
also  occur  under  the  influence  of  environmental  factors  such  as  tem- 
perature, sunlight,  plant  metabolism  and  degradation  in  the  soil, 
depending  on  terrain,  pH,  humidity  and  intensity  of  ultraviolet  irra- 
dation.  Translocation  through  the  environment  occurs  by  a variety  of 
mechanisms  discussed  earlier  in  this  report.  Together  with  food-chain 
magnification,  the  changes  undergone  by  the  pesticide  in  the  course 
of  translocation  tend  to  complicate  the  picture  further. 

d.  Limitations  of  studies  under  experimental  conditions* — No  ac- 
count of  toxicological  complexities  would  be  complete  without  refer- 
ring, however  briefly,  to  the  animals  in  which  biological  effects  are 
studied.  While  some  progress  has  been  made  in  recent  years  in  the 
provision  of  healthier  and  more  uniform  stocks  of  laboratory  animals, 
variations  in  the  response  to  a chemical  will  always  continue  to  be 
manifest  as  a result  of  species,  strain,  sex,  age  and  individual  differ- 
ences in  susceptibility. 

One  objective  of  toxicological  investigation  is  to  delineate  at  least 
some  of  these  differences  and  to  ascertain  in  the  most  sensitive  animal 
species  the  maximum  level  of  exposuro  that  elicits  no  adverse  effect. 
Using  this  level  as  a basis  for  extrapolation,  an  “acceptable  daily 
intake”  for  man  is  arrived  at  by  applying  an  arbitrary  “safety  factor,” 

Some  of  the  weaknesses  of  this  approach  are  readily  apparent.  Prac- 
tical considerations  must  always  limit  the  number  of  species,  strains, 
etc.  of  animals  i investigated.  The  critem  used  and  tests  applied  to  ascer- 
tain that  no  adverse  effect  has  occurred  are  often  the  best  available, 
but  methodology  lias  not  yet  been  developed  specifically  for  this  pur- 
pose, to  a degree  permitting  measured  confidence  that  adverse  effects 
have  not  been  overlooked.  Much  more  work  is  needed  in  this  area,  both 
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in  the  direction  of  sensitive  and  specific  methods  of  detecting  changes 
and  in  an  attempt  to  distinguish  more  clearly  between  those  effects  that 
represent  physiological  adaptation  and  those  which  constitute  patho- 
logical change. 

The  study  of  pharmacodynamics  and  metabolic  disposition  of  a 
pesticide  in  one  or  more  animal  species  is  an  important  part  of  the 
investigation  of  that  compound.  In  conjunction  with  the  other  animal 
studies  just  referred  to,  delineation  of  metabolic  pathways  helps  to 
validate  the  exposure  of  hufnan  volunteers  to  the  compound.  For  how?- 
ever  extensive  and  thorough  the  animal  experiments  may  have  been, 
extrapolation  of  the  results  to  man  is  still  fraught  with  uncertainty, 
which  may  be  reduced  substantially  by  investigating  the  compound 
in  man. 

The  considerations,  limitations  and  safeguards  that  enter  into  the 
use  of  human  volunteers  for  research  of  this  sort  are  now  well  recog- 
nized and  widely  accepted.  Limited  though  such  studies  must  neces- 
sarily be,  both  in  duration  and  level  of  exposure,  they  do  yield  in- 
valuable information,  obtained  under  controlled  conditions,  that  no 
other  approach  can  provide. 

Epidemiological  complexities 

Man,  the  definitive  host  in  the  epidemiological  interreaction  with 
his  environment,  has  been  found  to  possess  many  variables  ov'er  and 
above  his  overt  pesticide  exposure  potential,  each  of  which  donates 
subtle  additions  to  the  magnitude  of  his  body  burden.  Thus,  beside 
his  occupation,  the  amount  of  physical  protection  that  he  uses  through 
wearing  of  clothing  and  masks,  his  age,  his  diet,  his  race,  his  socio- 
economic state,  his  home,  the  drugs  he  is  taking;  all  are  factors  which 
make  a significant  contribution  to  the  amount  of  pesticide  he  absorbs. 

Human  experience  represents  a continuum,  both  of  intensity  and 
duration  of  exposure.  The  greater  part  of  the  American  public  fnll  at 
one  end  of  this  continuum,  ingestingand  absorbing  very  small  amounts 
of  pesticides  as  residues  in  foods.  In  addition,  an  appreciable  number 
of  this  general  population  group  receive  further  exposure  to 
pesticides  applied  in  their  homes  and  gardens  for  pest  control  pur- 
poses. The  relative  contribution  of  these  two  sources,  diet  and  casual 
home  use,  to  overall  general  population  exposure  has  not  been  fully 
studied.  It  is  probably  safe  to  say,  however,  that  both  sources  con- 
tribute  significantly  and  eacli  must  be  considered  in  any  detailed  assess- 
ment of  pesticide-health  effect  relationships. 

Workers  who  manufacture,  formulate,  apply,  or  otherwise  come 
into  contact  with  pesticides  in  the  course  of  their  occupation  may  be 
generally  considered  as  moderately  exposed  to  these  poisons  and 
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thought  of  ns  occupying  t lie  nml-nui, 
continuum. 

On  t lie  extreme  exposure  end  of  the  a > re  those  unfortunate 

i ndi viclim Is  who,  through  accident  or  < hut  and  assimilate 

huge  quantities  of  poison  and  case  a it  mute,  overwhelm- 

ing and  sometimes  fatal  intoxication. 

As  the  term  continuum  implies,  there  is  no » uui  demarcation  between 
those  exposure  groups.  However,  experience  lias  shown  that  each  can 
ho  identified  with  sufficient  precision  to  allow  investigators  to  make 
meaningful  observations  of  pesticide  assimilation,  accumulation  and 
elimination:  study  morbidity — mortality  patterns  as  they  ivlate  to 
jK'stiriilc  oxjHisiiro;  and  to  a limited  extent,  determine  dose- response 
relationships  in  human  subjects. 

The  epidemiological  approach, — Since  all  persons  have  some  degree 
of  pesticide  exposure,  t lie  epidemiological  comparison  of  exposed  and 
nonex posed  is  impossible.  Comparison  of  health  experiences  have  to 
bo  made,  lietween  |>ersons  or  |>opulations  with  relative  degrees  of  pesti- 
cide exposure.  Insofar  as  acute  |>oisonhig  is  concerned,  this  is  a rea- 
sonably simple  procedure.  The  effect  is  an  acute  toxicological  phe- 
nomenon and  the  contributions  of  person,  place,  and  time  to  this, 
together  with  information  provided  from  toxicological  data,  make  it 
possible  for  causal  factors  to  lie  identified  and  methods  of  prevention 
readily  determined. 

Acute  or  overwhelming  cx|H>vure  to  one  or  mow  pesticides  foPowed 
by  ovoit  illness  has  in  many  instances  l>ccn  documented  in  the  medical 
literature.  Knowledge  obtained  from  re|»orts  of  homicides,  suicides, 
and  accidental  ingestion*  of  |>esticides  has  provided  most  of  the  scanty 
information  available  from  which  dose-res|x>nso  estimations  can  be 
developed.  These  events,  along  with  overwhelming  occupational  expo- 
sures, have  provided  clinicians  with  op|>ortunUie.$  to  descrilv  the  acute 
effects  of  many  of  the  j>esticides,  Some  indication  of  age,  sox,  and  race 
difference  in  susceptibility  have  licen  observed  and  re|>orted.  In  addi- 
tion, acute  poisoning  events  have  provided  sound  evidence  that  some 
pesticides  may  produce  |>cnnattcnt  damage  to  health. 

More  complex,  however,  is  the  investigation  of  the  consequences  of 
the  less  intense  but  more  sustained  exposure.  Here  man  is  exposed 
either  by  occupation  or  bv  incidental  cx|>osnre  such  ns  is  experi- 
enced by  the  imputation  at  large.  The  contribution  of  dose  and  the 
duration  of  exjmsure  is  very  iin|mi1ant.  In  these  two  situations  two 
populations,  the  occupationally  ex|>oscd  and  the  general  population 
have  been  studied  and  the  epidemiological  strategy  has  l>cen  somewhat 
different  with  res|>ect  tothosetwodiffeirnt  population  gnni|*. 

Sturt  if*  of  fhr  uj>ationnHy  r */*>*/*  */. — Investigation  of  the  occupa- 

tionally ex|msed  has  t wo  goals. 


1.  To  assess  the  health  consequences  of  occupational  exposure'  and 
to  explore  the  hazards  of  the  industry,  to  identify  areas  where  the 
skills  of  industrial  hygiene  and  occupational  health  can  l>e  applied  to 
protect  the  health  of  workers. 

2.  To  investigate  the  health  experiences  of  the  ex|>osed  worker  with 
the  purpose  of  using  information  of  a disease  occurrence  for  the  pur* 
|X)9o  of  extrapolation  to  the  health  effects  in  the  general  Imputation. 
This  utilizes  the  dose  effect  principle  of  toxicology  and  presumes  that, 
if  any  health  hazard  which  is  the  result  of  pesticide  exjmsure  is  ob* 
served,  then  it  will  l>e  most  frequently  and  intensively  found  in  the 
|>osticide  worker  whose  ex|K>snre  is  more  intensive  and  prolonged. 

Work-related  exposure  to  pesticides  among  manufacturers,  formu* 
lators,  applicators,  field  workers  and  others  in  related  occupations  can 
l>est  be  described  as  infinitely  varied.  Xot  only  is  there  great  variation 
in  intensity  and  duration  of  exposure  but  in  type  and  combination  of 
pesticides  involved. 

Scientific  studies  of  pesticide  exposed  workers  have  generally  l>ecn 
of  two  types.  The  first,  and  most  common,  of  these  has  boon  the  study 
of  acute  pesticide  induced  illnesses  related  to  single  large  or  multiple 
small  exj>osures.  This  kind  of  event  and  the  information  to  be  gained 
from  its  understanding  will  lx?  discussed  in  the  following  section.  A 
second  type  of  study  to  which  occupationally  exposed  groups  lend 
themselves  is  the  comparative  epidemiological  investigation. 

This  form  of  study  niav  l>e  used  to  compare  virtually  any  number  or 
combination  of  health  related  observations  made  among  pesticide  ex- 
l>osed  workers  to  like  o1>servations  made  among  workers  not  so  ex* 
l>osed.  If  proj>erly  designed  and  controlled,  the  comparative  ehidemi* 
ological  investigation  is  |>otentially  the  most  sensitive  measure  of  varia* 
tions  in  morbidity  and  mortality  experienced  by  groups  exposed  to 
any  agent  sns|>ccted  of  affecting  human  health.  Once  variations  are 
identified,  hypotheses  regarding  causation  can  bo  formulated  and 
tested.  Vn  fortunately.  there  has  been  a disappointing  paucity  of  com- 
parative epidemiological  studies  among  |x»sticide  exposed  workers. 
Moreover,  several  studies  which  have  been  re]>orted  are  of  limited  value 
liecause  of  faulty  design.  As  a result,  although  a very  large  niini1>er  of 
workers  have  l>een  significantly  ex|*>«cd  to  a multitude  of  different 
j>csticides  during  the  last  decade  and  a li  ilf,  surprisingly  little  is  under* 
stood  of  the  long  term  health  con  sequences  involved.  An  additional, 
|ierha|?s  more  significant  loss  may  have  accrued  from  our  failure  to 
adequately  document  the  presence  or  alisonee  of  adverse  health  effects 
related  to  long  term  occupational  ex|>o?ure  to  j^esticides.  It  has  Ijccti 
suggested  that  illnesses  related  to  long-term  exposure  to  pesticides  are 
likely  to  lx?  detectable.  fiM  in  worker*  who  are  heavily  exjxtsed  in 
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comparison  to  the  general  population.  It  so,  our  lack  of  information 
in  this  area  may.  in  effect,  deny  us  the  knowledge  necessary  to  predict 
or  anticipate  specific  ])esticide  related  health  effects  destined  to  become 
apparent  in  the  general  imputation  only  after  many  years  of  low  level 
e.\|>ostire. 

Theoretically,  four  |>ermntatjons  of  cause  and  effect  variables  exist 
in  studies  such  as  these.  Thus,  all  i>esticides  and  all  diseases  can  be  in- 
vestignted,  or  single  j>esticide  and  all  diseases,  or  all  i>estioides  and  a 
single  disease,  or  a single  pesticide  and  a single  disease  can  be  studied. 
Methodologic  and  interpretative  pitfalls  exist  in  all  four  of  these 
designs. 

AH  pesticides — oil  disco* e*; — The  mill  hypothesis  here  is  t lint  occu- 
pational  ex|>osure  to  pesticide  has  no  adverse  effect  on  health  experi- 
ence. Retros|>ective  or  prospective  studies  have  reviewed  mortality  or 
morbidity  e\|>erience  in  the  pesticide  worker,  comparing  them  with 
these  ex|>eriences  in  a population  not  so  exposed.  If  the  null  hypothesis 
is  accepted,  no  greater  incidence  of  mortality  or  morbidity  patterns 
would  be  observed  than  was  found  in  the  general  population  controls 
stratified  by  age,  race  and  sex.  The  pitfalls  herein  are  essentially  con- 
cerned  with  the  ty|>e  of  imputation  comparisons.  It  is  easy  to  obtain 
age,  race  and  sex  s|>coific  mortality  data  from  National  or  State  general 
population  groups.  In  almost  all  studies  where  mortality  ex|>erience  of 
a single  occupational  group  is  compared  with  a general  population 
group,  rates  tend  to  Ik*  lower  in  t lie  sjxvific  occupational  group  than 
the  population  at  large.  This  is  to  lx*  exacted  since  the  availability 
of  Ixung  employed  or  occupied  is  a priori,  a characteristic  of  health. 
Comparisons  then  would  l>o  more  meaningful  with  another  occupa- 
tional group  using  ns  close  a match  for  physical  and  social  character- 
istics of  the  two  occupations  ns  |K>ssihle.  Thus  it  is  preferable  to 
compare  pesticide  ex|*>scd  workers  with  another  occupational  group 
lather  than  the  general  population.  Samples  of  such  comparison  groups 
are  |xdicemen,  |>ostnl  workers,  and  the  like. 

Single  pesticides — all  disease*. — Several  studies  have  reviewed 
morbidity  data  from  manufacturing  or  formulating  plants  wherein 
exposure  has  l>ecn  predominately  to  one  insecticide.  Studies  such  ns 
these  have  two  interpretative  pitfalls  which  tend  to  limit  t lie  |>otcntial 
information  which  can  be  extra|K>lated  to  the  general  population. 
These  are:  ( 1)  the  nuinlxr  of  fiercon*  studied  is  inevitably  small  and 
even  if  expanded  by  person-years  computations  the  numbers  are 
usually  still  small,  (*2)  they  provide  information  on  survivors  only, 
sinre  mortality  and  morbidity  exjieriences  of  dropouts  is  usually  un- 
available. Recently  in  the  Tnited  Stales,  an  attempt  has  been  made  to 
overcome  the  problem  of  small  numbers  of  occupationally  exposed 


workers  by  supi>orting  community  (>esticide  studies  in  16  States  and 
combining  the  clinical  data  of  occupationally  ex|>osed  persons  in  all 
these  areas.  In  addition  to  recording  incidences  of  established  diseases, 
by  subjecting  the  group  to  a uniform  battery  of  multi  phasic  screening 
tests,  information  on  pne-clinical  disease  is  also  being  accrued.  Thus,  ft 
sizeable  cohort  of  workers  heavily  exposed  to  |>esticides  has  been  made 
available  for  an  in*deptli  evaluation.  The  inclusion  of  multiphasic 
screening  techniques  has  highlighted  the  problem  of  interlabomtory 
variability,  making  interpretation  of  results  difficult.  Differences  may 
1*  observed,  which  are  still  within  the  range  of  the  accepted  norms. 
Even  if  scrupulous  care  is  used  to  define  the  criteria  of  exposure,  clearly 
differentiating  them  from  the  control  population  not  only  by  occupa- 
tional history  but  by  their  biologic  indicies  of  exposure  as  well,  the 
blood  chemistry  differences  may  l>e  adaptive  or  compensatory  rather 
than  injurious.  In  addition,  an  exhaustive  search  for  dropouts  is  es- 
sential,and  any  significant  faitureto  do tliis  would  seriously  jeopardize 
the  interpretation  of  results,  No  better  example  of  the  consequences  of 
this  omission  can  be  given  than  was  the  case  with  workers  occupa- 
tionally exposed  to  asbestos.  Mesothelioma,  a well  known  complication 
of  pulmonary  asbestosis  was  not  recognized  for  several  years,  because 
dro)>oiits  from  this  industry  were  not  traced. 

All  ptAtMdeA — single  dixcasc. — As  with  other  studies  of  theoccii|>a- 
t tonally  exposed,  the  relative  risk  due  to  pesticide  exposure  must  be 
very  high  and  the  incidence  of  the  disease  very  high  for  an  effect  to 
be  recognized  in  studies  where  the  number  of  participants  is  small. 

Single  ftfAfirirfe— tingle  di*e<i*e. — Investigation  in  this  situation 
usually  follows  earlier  epidemiologic  or  toxicologic  leads.  The  implica- 
tion of  pesticides  in  a causal  role  is  established  following  either  toxico- 
logic or  hypersensitivity  principles  or  with  planned  human  or  animal 
exposure. 

Prospective  versuA  retrospective  studie*, — The  problems  of  these 
fyjies  of  studies  are  chiefly  methodological  and  logistic.  The  limita* 
lions  of  prospective  studies  are  their  cost,  the  need  for  a large  num- 
ber of  participants  in  the  cohorts,  and  the  time  or  period  of  observa- 
tion. The  turnover  of  |>ersomiel  in  the  |k*s4  icicle  industry  is  high,  which 
in  itself  presents  a serious  logistic  problem.  Retrospective  studier  are 
easier  since  they  are  less  costly,  and  the  required  information  is  pro* 
vided  in  a slimier  |>erind  of  time.  However.  l>v  and  large,  only  mortal- 
ity data  a -e  available  ami  difficulties  due  to  a small  relative  risk  might 
occur,  making  it  |>ossible  that  the  disease  effect  might  I*  missed.  Mean* 
Jugful  interpretation  can  only  I*  deduced  from  such  studies  if  there  is 
reasonable  evidence  that  a large  projmrlion  of  the  dmpoufs  have  1*on 
accounted  for.  Ketros|*ctive  Judies  usualv  precede  the  more  costly 
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prospective  studies,  ind  if  a s|>ecific  disease  entity  is  identified  in  the 
former  an  nssociatirn  only  (with  no  causal  connotation)  is  identified. 
The  evidence  for  causality  is  usually  obtained  from  a prospective 
study  and  is  strengthened  by  the  demonstration  of  dose  and  temi>oral 
associations.  Lastly,  studies  such  as  these,  even  if  showing  illnesses 
which  appear  to  be  causally  associated  w:tli  the  occupational  exi>osurc 
to  pesticides,  provide  little  information  as  to  which  is  the  s|>ecific 
olTcnding  j pesticide. 

(ti  i)nof  p<  — The  conventional  approach  of  assess- 

ing the  health  effects  of  |iesticwle»  in  the  general  imputation  has  l>een 
to  find  t In*  dose  relationship  in  the  occupational  e.\|K>sed  and  to 
extrapolate  from  this  to  the  general  population.  This  was  one  of  the 
approaches  in  radiation  studies  but  was  found  to  l>e  of  questionable 
validity  since  the  diseases  were  different  with  different  dose  ex- 
]K)snrvs.  Thus  with  the  continuum  of  radiation  ex)>osnre,  marrow 
aplasia,  thyroid  malignancy,  and  leukemia  was  observed.  An  alterna- 
tive approach  that  was  used  was  to  do  studies  of  t lie  background 
radiation  level  itself.  The  same  approach  is  jjossiblc  with  i>esticides 
using  the  human  |>cstieide  residue  as  the  marker;  but  here,  as  with 
radiation,  work  must  first  l>e  done  on  the  |>csticide  level  itself.  Fat  and 
Mood  have  l>cen  the  tissues  of  greatest  interest;  DDT  and  its  meta- 
llic derivatives  the  principal  pesticide  studied*  The  reasons  for 
these  choices  are  clear.  Wood  and  fat  are  relatively  easy  to  obtain 
by  venepuncture  or  biopsy  at  surgery  or  |>ost  mortem  examination. 
Chemical  analysis  of  these  tissues  1ms  proved  to  be  informative  l*>th 
on  an  individual  and  general  imputation  basis.  DDT  has  received  a 
major  share  of  interest  liecausc  of  its  widespread  use,  the  ease  by 
which  it  can  1*  identified,  and  its  almost  invariable  presence  in  de- 
tectable amounts  in  human  adijx>se  tissue  (fat). 

As  discussed  elsewere  in  this  report,  a few  other  |>esticides  of  the 
organochlorine  family  can  often  I*  found  in  adi|>ose  tissue  samples 
obtained  from  the  general  populftt ion  sources,  but  these  pesticides  have 
received  much  less  interest  and  attention  I ban  DDT,  Pesticides  of  the 
orgsnophosphale  ty|*  are  not  found  in  Ihe  adipose  tissue  or  blood  of 
the  general  population. 

It  is  surprising  and  somewhat  disturbing  to  note  that  despite  the 
tens  and  |>erha|>s  hundreds  of  thousands  of  ndi|*>se  tissue  analyses  done 
in  this  rouulry  and  elsewhere,  there  are  still  ini|iortaut  ga|>s  in  our 
knowledge  of  the  storage,  iiietalmlism,  and  significance  of  DDT  in 
human  1 issues.  For  example,  there  ap|>ears  to  l*»  no  convincing  evidence 
available  at  the  present  time  to  clearly  indicate  whether  tissue  storage 
of  DDT  and  its  mrtaimlitcs  is  increasing,  decreasing,  or  remaining 
constant. 


2SS 


♦IT!'  07  4 <•- 


-• — IS 


In  (lie  face  of  this  mosaic  of  host  agent  environment  interrenction, 
it  is  not  surprising  that  the  question  as  to  whether  long-term  exposure 
to  pesticides  is  harmful  or  not  remains  unanswered.  Il  will  require  the 
combined  contribution  of  physiology, toxicology,  pathology,  chemistry, 
and  epidemiology’  to  answer  the  question  with  any  degree  of  totality. 

Ca*c  report *. — In  the  past  25  years,  thousands  of  clinical  case  reports 
of  human  illness  apparently  caused  by  pesticides  have  appeared  in  the 
medical  literature  of  dozens  of  countries.  An  effort  has  been  made  here 
to  organize  representative  examples  of  this  vast  l>ody  of  information 
in  a coherent  way.  Findings  have  been  critically  assessed,  and  those 
which  appear  scientifically  tenable  have  l>ecn  arranged  according  to 
the  human  organ  system  which  seemed  most  affected,  or  according  to  a 
disease  entity  or  syndrome  when  that  was  more  appropriate. 

Case  reports  in  which  pesticides  are  implicated  typically  describe 
clinical  observations  of  an  individual  patient  (occasionally  more  tlian 
one),  pathological  findings,  etiology  or  causal  relationships,  and  a 
regimen  of  treatment  and  its  outcome. 

Whenever  information  |>ennitsf  a consideration  of  dose-response 
relationships  is  included  hero.  However,  in  the  very  nature  of  the  phe* 
iiomcnological  approach,  there  is  often  little  or  no  opportunity  for 
clear  documentation  of  extent  of  exposure.  The  patient  does  not  seek 
medical  attention  until  his  illness  is  overtly  manifested;  by  then,  it 
is  often  ini|)ossih1e  to  recall  or  reconstruct  how  much  of  a given  |>osti- 
ride  was  ingest ed,  inhaled,  nr  alisorbcd.  There  is  a danger  of  pont  hoe , 
rrf?o  propter  hoe  reasoning  in  this  approach. 

Krrors  of  omission,  however,  may  Ik*  even  more  serious  than  errors 
of  commission.  The  reporting  physician,  for  example,  may  have  failed 
to  study  some  physiologic  system,  such  as  the  central  nr  |>criphcrn1 
nervous  system,  when  in  fact  there  was  an  effect.  One*  errors  of  either 
commission  or  omission  find  their  way  into  print,  they  are  often 
exceedingly  difficult  to  correct. 

Stuf/ffM  of  (jtY>up*  occvpiUhnntty  — At  least  two  basic  aims 

should  l»e  l>oriic  in  mind,  when  designing  studies  of  individuals  ex* 
|>nsrd  to  ]>estirides  in  the  course  of  their  employment.  Ideally,  such 
studies  should  generate  information  on  cx|x*snre— effect  relationships 
which  can  l»e  extrajHilatcd  from  the  more  heavily  exposed  nccupa* 
tional  group  to  the  less  heavily  px|k>sc<I  general  imputation,  lint  in 
addition  to  this  pure  research  put|>ose,  an  applied  research  purpose  is 
always  implicit;  Such  studies  should  provide  the  basis  for  develop- 
ment of  preventive  medical  programs  to  preserve  the  health  of  the 
cxjxisrd  workers.  All  reasonable  efforts  must  Ik*  made  to  protect 
worker  from  harmful  ex|»osmes  at  all  times.  However,  should  low 
level  exjioMirrs  lie  unavoidable,  or  should  massive  accidental  expn- 
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shivs  occur,  opportunities  to  make  meaningful  observations  of  health 
consequences  should  not  be  overlooked. 

Kxlrn]>olfttimis  from  occupationally  exj>oscd  populations  to  the 
general  population  always  require  qualification.  The  most  significant 
difference  lietween  the  two  groups  is  that  the  general  population  in- 
cludes large  numbers  of  very  young,  very  old,  ill  and  disabled,  while 
such  persons  are  found  rarely  or  not  at  all  among  the  occupationally 
ex|K?sed.  These  individuals  are  often  least  resistant  to  the  effects  of 
toxic  agents;  it  is  therefore  apparent  that  dose- rest >onse  relationships 
based  on  studies  of  forinulators  or  other  occupational  grou|>$  may  W 
extrapolated  to  the  general  population  only  with  great  caution. 

A lutfytioal  compteritic* 

An  appreciation  of  some  of  the  more  important  analytic  and  in- 
terpretive problems  |xvnliar  to  I he  orgaiiochlorines  is  essent  ial  for 
|»ersi>octive  in  this  area. 

A recently-discovered  source  of  error  in  analysis  of  DDT  and  re- 
lated materials  by  gas  chromatography  is  the  presence  of  poly- 
chlorinated biphenyls  (PCR).  Since  15 MU,  polychlorinated  biphenyl 
liquids,  resins,  or  solids  have  Ikvii  spread  widely  in  our  environment 
in  oils,  hydraulic  fluids,  adhesives,  plastics,  building  materials,  fuels, 
lire  retardants,  heat  transfer  agents,  electrical  equipment,  paper,  and 
many  other  industries.  The  presence  of  PCD  has  caused  serious 
Analytical  errors  in  the  uoiis|K*ific  gas  chromatographic  analysis  of 
the  chlorinated  hydrocarbons  (Jensen,  I960;  Richardson,  1969; 
Reynolds,  I960).  It  is  clearly  necessary  lo  confirm  qualitatively  the 
determination  of  DDT  residues  and  not  to  bo  confused  by  gas  chroma- 
tographic |*aks  that  overlap  DDT  but  represent  totally  different 
materials  (Schccbter,  1968).  Snell  false  j>eaks  have  l)een  re|x>rted  in 
gas  chromatograms  from  some  wildlife  samples,  along  with  organ- 
ochlorlne  jK»sliridrs  (Rnhnm,  1965).  Cod  liver  oil  from  Norway  gave 
rise  to  gas  chromatographic  Jvaks  in  the  region  ex|xvtcd  for  DDT, 
DDK,  and  TDK,  but  pa|>cr  chromatography  indicated  the  presence 
of  lialogenated  comj>oiinds  which  were  not  known  (leMicides  at  all 
( Kidelinan,  196:1).  In  samples  for  the  Nature  Conservancy  in  Rritain, 
compounds  were  detected  interfering  with  detection  of  p,p'l)DT  and 
p.p'TDK  (Harrison,  1966)-  Since  1966,  the  presence  of  ITU  has  also 
Uvn  noted  in  the  Rritisli  (Holmes,  ft  nL  1967;  Holden  ami  Marsdcn, 
1967;  Robinson,  undated  reference  cited  in  Richardson,  1969),  Dutch 
(Knemati,  ft  *il.  1969),  and  North  American  (Itisebrough,  ft  ah  1968) 
environments, 

Polychlorobi  phenyls  have  been  identified  in  fish,  wildlife,  and  the 
environment  as  cited  above,  but  no  attempt  appears  to  have  Iven  made 
to  look  for  them  in  human  tissues  or  excreta.  Pooled  samples  of 


human  milk  from  Colorado  Springs  and  eight  individual  samples 
from  Berkeley,  Calif.,  were  positive  for  PCB  (Rischrough,  I960; 
I>ersonal  communication).  Past  reports  of  levels  of  chlorinated  hydro- 
carbon feticides  might  thus  have  been  too  high  as  a result  of  the 
presence  of  PCB.  A further  source  of  error  might  be  introduced  by 
storage  of  specimens  in  plastic  containers  (Quinby,  1900). 

Anal  yses  of  environmental  samples  must  l>e  snp|>orted  by  qualita- 
tive and  quantitative  confirmation  of  the  results.  Too  many  papers 
have  been  published  that  incorporate  no  such  quality  controls;  nor 
have  i>oteiitial  sources  of  error  been  considered.  Ks|>ecia11y  when  the 
results  are  re|>orted  ns  |>ositive  near  the  lower  limits  of  detection  of 
the  gas  chromatographic  method  (which  is  often  the  case),  the  results 
may  I*  absolutely  misleading.  The  mass  of  material  in  question  is 
then  also  insufficient  for  qualitative  and  quantitative  cor  migration  of 
the  results  by  other  techniques  of  analysis. 
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('ompfexitienof  Terminology 

A targe  body  of  information  has  been  published  regnnling  the  health 
consequences  of  human  exj>osure  to  pesticide*  Review  of  these  publi- 
cations reveals  that  the  scientific  terminology  is  often  imprecise  and 
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nonuniforin  from  011c  publication  to  another.  Particularly  troublesome 
and  confusing  are  adjectives  commonly  used  to  qualify  the  terms 
“exposure'5  and  “effect5'.  Terms  frequently  used  to  describe  exposure 
arc  acute  and  chronic,  high  level  and  low  level,  and  short  term  and 
long  teiin.  Among  the  terms  that  have  been  used  to  describe  effect  are 
acute  and  chronic,  transient  and  permanent,  and  immediate  and 
delayed.  While  it  is  not  within  the  scope  of  this  report  to  propose  a 
standardized  cxj>osiirc-cffcct  nomenclature,  the  absence  of  uniformity 
among  authors  in  this  ros|>eet  must  1>c  emphasized. 

The  terms  “acute  toxicity”  and  “chronic  toxicity”  also  deserve  com- 
ment. Acute  toxicity  usually  implies  overwhelming  intoxication  with 
overt  illness  or  death.  Often  only  one  |>esticidc  is  involved  and  the 
diagnosis  is  relatively  clear-cut.  The  term  chronic  toxicity  is,  as  a rule, 
more  difficult  to  interpret.  The  author  usually  refers  to  illness  resulting 
from  long  term,  relatively  low-level  exposure  to  pesticides.  The  data 
concerning  intensity  and  duration  of  exposure  arc  often  unclear  or 
incomplete. 

Contributing  to  these  interpretative  pit  falls  is  the  concept  of  the 
acute  LI)*.  This  term  refers  to  the  quantity  of  pesticide  which,  when 
administered  in  a single  dose,  is  lethal  to  50  percent  of  a group  of  test 
animals.  The  LI)*  is  usually  expressed  ns  milligrams  of  pesticide  |>or 
kilogram  of  animal  body  weight  (mg./kg.).  The  species,  strain,  age, 
and  sex  of  the  experimental  animal,  mute  of  administration,  concen- 
tration of  test  material,  and  vehicle  in  which  active  agent  is  adminis- 
tered must  be  sj>ecified.  Kven  the  most  carefully  established  LI>**  data 
cannot  bo  extrapolated  to  man  except  in  a general  fashion.  Thus,  while 
it  is  true  that  psticides  which  are  highly  toxic  to  the  exprimentnl 
animal  are  usually  quite  jxiisouous  to  man,  dose-res|>on?e  relationship 
are  usually  very  different. 

This  is  only  one  of  the  uncertainties  involved  in  extrapolating  ani- 
mal data  to  man.  In  recent  years,  a great  deal  of  attention  has  been 
devoted  to  tnis  question.  The  conclusion  that  emerges  is  that  only 
studies  in  man  can  provide  definitive  answers  to  the  questions  posed 
by  human  exposure  to  psticidcsand  other  chemicals.  Results  of  exper- 
imental studies  in  animals  are  at  best  a guide,  providing  what  are  often 
valuable  clues  to  the  nature  of  the  effects  that  should  be  looked  for  in 
human  studies.  The  fact  that  every  man,  woman,  and  child  in  this 
Nation  is  exj>oscd  to  pesticides  in  one  form  or  another  demands  that 
answers  be  forthcoming  that  are  known  to  be  valid  for  man. 

The  available  information  on  the  effects  of  jiesticides  in  man  usu- 
ally relates  to  episodes  of  acute  and  often  single  massive  ex|>osure  in 
individuals  n <A  previously  conditioned  or  adapted  to  such  ex|**sure. 
Much  uncertainty  attends  any  effort  to  use  this  type  of  information  as 
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a basis  for  conclusions  i,cgnrding  exposures  flint  arc  long  term,  low 
level,  and  continuous  or  oft -repeated.  These  are  the  typos  of  exposure 
ex|>erieiice<t  by  the  general  imputation.  Nor  does  information  relating 
to  healthy  adult  volunteers  or  to  occupationally*ex|>ose<l  workers  nec- 
essarily apply  without  serious  modification  to  the  large  iiuinl>er  of 
other  categories  of  the  general  population:  the  very  yomip,  the  old. 
the  debilitated,  in  pregnancy, and  ill  disease  states. 

It  is  in  this  context  that  one  must  consider  the  interpretation  of 
“no  effect.**  In  animal  studies  whose  results  are  used  for  regulatory  pur- 
poses, the  term  “no  effect*1  refers  to  absence  of  adverse  effects.  The 
line  of  demarcation  is  often  not  clearly  drawn  l>etweeti  physiological 
adaptation,  which  is  presumably  a l>enefioial  response  to  exposure, 
and  pathological  change,  which  constitutes  a breakdown  of  the  l>ody*s 
defense  mechanisms.  As  increasingly  sensitive  tests  are  applied  in 
animal  studies,  so  more  and  more  effects  are  observed  I bat  cannot, 
hi  the  present  state  of  knowledge,  Ik*  assigned  with  any  certainty  to 
either  the  physiological  or  pathological  category.  For  a variety  of 
reasons,  such  tests  have  not  yet  l>cen  applied  in  man.  and  hence  the 
absence  of  effect  as  judged  by  conventional  criteria  is  not  an  adequate 
expression  of  what  might  l>e  found  by  npplicalion  of  methods  com- 
bining greater  specificity  and  sensitivity  for  detection  of  pesticide 
effects. 

In  t lie  course  of  considering  manifestations  of  |*slicide  exposure, 
a clear  distinction  should  be  drawn  Ixdween  measures  of  exposure  and 
measures  of  effect.  For  example,  pesticide  levels  in  blood  and  tissue! 
are  indicators  of  exposure.  In  themselves,  they  do  not  constitute  evi- 
dence of  an  effect,  however,  striking  the  level  may  lx*.  Ill  the  case  of 
plasma  or  ervthrocyate  cholinesterase  level,  moderate  or  extreme 
lowcring—though  not  invariably  correlated  closely  with  the  clinical 
state  of  the  subject — is  n sufficient  danger  signal  to  Ik*  regarded  with 
due  concern  and  appropriate  remedial  action  taken.  A variety  of 
changes  in  clmical  biochemical  parameters  have  lieen  reported  in 
individuals  exposed  to  |K*5l icides.  While  some  of  these  may  ultimately 
lie  shown  to  Ik*  useful  measures  of  ex|K>snre,  or  reflect  physiological 
changes  within  the  Ixxly,  we  have  no  evidence  that  anyone  of  them  isan 
indicator  of  toxic  effect. 

Questions  of  terminology  enter  into  our  discussion  of  many  issues 
conoei  ning  j^est  icides.  It  must  lie  made  clear  that  the  term  “iiersisfenl" 
has  no  application  in  physiological  terms.  The  fact  that  a compound 
remains  in  the  environment  for  a sufficient  length  of  time  to  l*e  ral  lied 
o\t*r  from  season  to  season  or  from  one  crop  to  the  next,  tears  no 
direct  relationship  to  its  capacity  to  he  stored  in.  and  mobilized  from, 
human  ad ipose  tissue. 
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The  context  in  which  the  tenn  “health”  is  used  is  important.  As 
mentioned  in  the  introduction,  health  encompasses,  in  addition  to  hu- 
man health  and  well-being,  the  healthy  existence  of  beneficial  flora  and 
fauna  in  mans  environment.  Public  health  refers  to  questions  con- 
nected with  specific  human  diseases.  Environmental  health  is  that 
aspect  of  human  health  dependent  u|x>n,  or  conditioned  by,  man's 
environment.  Finally,  the  expression  “environmental  quality”  (ns  dis- 
cussed in  various  sections  of  the  Commissions  report),  is  distinctly 
different  from  health,  despite  the  decadence  of  health  on  environ- 
mental quality.  Environmental  quality  has  significance  in  n scientific 
sense,  an  administrative  sense,  and  both  nationally  and  internationally. 
There  is  no  simple  direct  relationship  between  human  health  and  envi- 
ronmental quality,  and  caution  must  be  exercised  in  order  to  avoid 
drawing  conclusions  based  on  the  assumption  that  such  a relationship 
exists. 

Seed  for  perspective 

Some  general  explanatory  comments  are  needed  on  the  subject  of 
irreversible  long  term  effects  of  |>csticides.  From  the  stand|>oint  of 
the  toxicologist  all  such  effects  are  equally  undesirable,  whatever  their 
iiAtnre,  or  whatever  the  organ  system  involved.  In  other  words,  to 
the  expert  in  the  field,  the  hazard  of  development  of  |>eripheral 
neuropathy  or  aplastic  anemia  must  be  taken  just  as  seriously  as 
risks  of  carcinogenesis,  teratogenesis,  or  mutagenesis.  There  is  a 
tendency  on  the  part  of  the  lay  public,  the  news  media,  and  even 
among  some  scientists  who  specialize  in  the  areas  of  cancer,  or  birth 
defects,  or  genetics,  to  regard  these  particular  hazards  as  transcend- 
ing all  others  and,  therefore,  claiming  most  immediate  and  urgent 
emphasis. 

Whatever  one's  |>oint  of  view,  there  is  an  inescapable  factor  in  this 
situation  that  is  often  overlooked.  This  is  the  difficulty  of  establishing 
with  any  certainty  carcinogenic,  teratogenic,  or  mutagenic  |>otetitial 
for  most  compounds  that  are  only  weakly  active  in  one  or  other  or  all 
these  directions.  A |>owerfnl  carcinogen  such  as  diethylnilrosamine  or 
aflatoxin  (or  unequivocal  mutagens  such  as  some  alkylating  agents), 
presents  no  difficulty  in  clearcut  characterization  of  effects  in  animals 
» and  in  assessment  of  the  carcinogenic  hazard  presented  to  man.  Hut 

pesticides  do  not  pose  such  straightforward  problems,  Melliods  for 
detecting  weak  carcinogenic  potency  are  still  inadequate  to  provide 
unequivocal  results  and  hence  leave  room  for  differences  in  interpreta- 
tion. Methods  for  evaluating  weak  mutagenic  j>otential  in  mammalian 
systems  are  even  mote  primitive,  and  the  results  even  more  difficult 
to  apply  for  practical  purposes.  Even  in  the  area  of  teratogenesis 
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it  can  be  said  that  extrapolation  of  animal  insults  to  man  is  fraught 
with  great  uncertainty. 

Such  being  the  present  parlous  state  of  the  art,  one  need  hardly  1>e 
surprised  that  differences  of  opinion  should  exist  among  scientists 
knowledgeable  in  the  field  of  toxicology.  Kven  more  diverse  are  the 
views  expressed  regarding  regulatory  action  to  be  taken  on  the  basis 
of  ex|>eriinental  findings.  It  may  l>e  argued  that  any  well-founded 
suspicion  against  a compound  should  suffice  to  have  its  use  restricted 
or  totally  prohibited.  Prudence,  it  would  seem,  demands  no  less.  At 
the  risk  of  appearing  to  be  imprudent,  one  must  ]>omt  to  the  inescap- 
able  fact  that  there  is  no  chemical  present  anywhere  in  our  environ- 
ment, and  especially  any  natural  component  of  our  diet,  that  is 
incapable  of  yielding  alarming  results  in  some  biological  system  al 
high  enough  levels  of  exposure.  Consequently,  the  circumstances  of 
intended  use  of  the  material,  and  particularly  the  likely  levels  of 
ex|Kisnrc,  are  of  fundamental  importance  in  assessing  safety. 

Viewed  in  this  light,  the  attitude  that  it  is  impossible  to  define 
a safe  level  for  man  of  a weak  carcinogen,  or  a weak  mutagen,  is  a 
retrogressive  approach  to  a problem  that  will  not  l>c  solved  bv  pro* 
bibit ing  from  use  every  compound  nnssessing  an  index  of  suspicion, 
however  low.  The  argument  is  indisputable  that,  despite  our  state  of 
ignorance,  or  even  localise  of  it,  we  ought  not  to  add  to  the  existing 
burden  of  carcinogens,  or  mutagens,  in  nur  environment.  Put  a gen- 
eralization of  this  sort  must  lo  tempered  by  quantitative  considera- 
tions. If  the  additional  hazard  represented  by  a conqmund  is  in  all 
probability  trivial,  then  we  have  a rcs|wiiisibi1ity  to  weigh  those 
lienefits  conferred  by  use  of  the  com|>onnd  against  the  hazard  that 
its  presence  in  the  environment  represents. 

The  key  issue  |>oscd  by  this  line  of  reasoning  is  the  determination  of 
what  constitutes  a trivial  addition  to  the  existing  burden  in  the  envi* 
mnnienf.  The  sad  fart  we  have  to  face  is  the  almost  total  nltseuec  of 
information  on  the  existing  burden  of  carcinogens,  mutagens  ami 
teratogens  n/?b//>rWy  piesent  in  food,  drink,  water,  air,  etc.  Xot  the 
smallest  effort  has  liern  made  to  assess  this  background,  using  the 
available  tests,  so  as  to  achieve  some  |>ers|»ective  ill  judging  the  results 
of  these  same  tests  with  new  mm|>min<ls.  Man's  ex|>osiire  over  countless 
generations  to  a wide  variety  of  naturally  omiring  toxicants,  and  the 
known  effects  of  «ncli  ex|*>snre  (in  terms  of  morbidity  and  mortality) 
should  1>e  used  as  a firm  baseline  from  which  to  judge  additional  haz- 
ards. For  example,  we  know  that  man  and  animals  constantly  ingest 
in  food  and  drink  a variety  of  agents  that  are  liver  toxins  and  catrino- 
gens.  One  might  therefore  anticipate  that  liver  cancer  would  l*e  a 
major  problem  throughout  the  world.  In  fact  it  is  so  rare  that  those 
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localized  areas  of  high  incidence  are  almost  certainly  attributable  to 
special  circumstances  peculiar  to  tbe  regions  involved.  In  the  United 
States  the  incidence  of  liver  cancer  is  low  and  there  is  no  evidence 
that-  it  is  rising.  Thus,  despite  lifelong  exposure  of  the  entire  popula- 
tion to  numerous  weak — and  even  potent — natural  carcinogens  in  food 
and  drink,  the  actual  hazard  in  practice  is,  as  far  as  we  can  tell,  very 
small.  It  is  background  information  of  this  sort  that-  is  urgently  needed 
before  assessment  of  hazard  to  man  from  new  compounds  can  be  based 
on  realistic  judgment. 

1*1 1 Al<MA<  ‘OKI  X KTK'S 

l tout  ex  of  h'ntny 

Pesticides  may  gain  entrance  to  the  body  through  the  intestine  subse- 
quent to  ingestion;  through  the  lungs  as  a result  of  inhalation  of  air- 
borne pesticide-laden  dusts,  vapors  and  aerosols;  by  penetration 
through  the  intact  skin;  and  (rarely)  by  absorption  directly  into  the 
bloodstream  through  the  broken  skin. 

The  relative  importance  of  these  pathways  varies,  to  a large  extent, 
according  to  the  population  group  under  consideration.  In  t lie  general 
population,  ingestion  of  residues  remaining  on  foods  is  probably  the 
major  route  by  which  pesticides  enter  the  body.  Inhalation  may  be  a 
factor,  particularly  in  lower-income  households,  where  “bug-bombs” 
are  used  in  the  effort  to  control  cockroaches  and  other  pests.  It  is 
unlikely  that  percutaneous  absorption  is  an  important  route  of  entry 
among  members  of  the  general  population,  at  least  insofar  as  acute 
intoxication  is  concerned,  A possible  exception  may  exist  when  unre- 
stricted sales  of  highly  toxic  pesticides,  such  as  pa  rath  ion,  arc  permit- 
ted for  household  and  garden  use.  Home  poisoning  cases  are  usually 
accidental,  usually  involve  children,  and  ingestion  is  overwhelmingly 
the  most  common  route  of  entry. 

Occupationally  exposed  pei'sons,  on  the  other  hand,  are  at  risk  of 
hazardous  absorption  of  pesticides  primarily  through  inhalation  of 
dust  or  droplets  generated  during  pesticide  manufacture,  mixing,  or 
application.  Under  some  conditions  of  work — most  notably  agricul- 
tural employment — skin  contamination  followed  by  percutaneous 
absorption  may  constitute  a significant  pathway. 

The  pharmacokinetics  of  organochlorhie  insecticides 

The  dynamics  of  an  organochlorine  insecticide  in  vertebrates  may 
l>e  discussed  phenomenologically,  that  is,  the  experimental  results 
per  ne  may  be  considered  without  any  preconceptions.  Such  a treat- 
ment of  the  results  may  take  various  forms  but  it  is  convenient  to  dis- 
cuss them  with  respect  to  four  different  relationships,  relationships 
which  are  relevant  to  various  aspects  of  the  interpretation  of  the  epi- 
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clemiol oprical  data.  These  relationships  between  t lie  experimental  vari- 
ables are:  Those  between  the  concentrations  of  an  insecticide  in  t lie 
body  tissues  and  t lie  intensity  of  the  exposure ; tliose  between  t lie  dura- 
tion of  exposure  and  the  concentrations  in  the  tissues:  those  lietwcen 
the  concentration  in  the  blood  and  the  concentrations  in  other  tissues: 
and,  tliose  between  the  concentrations  in  tissues  and  the  time  since  ex- 
posure ceased.  Subsequently,  we  may  consider  the  implications  of  these 
relationships,  the  theories  or  models  that  may  be  proposed  as  explana- 
tions for  these  empirical  relationships  and,  finally,  the  inferences  that 
may  be  made  in  relation  to  the  epidemiology  of  these  compounds  in 
man. 

/.  Review  of  experimental  r.tudie*  of  the  dynamic*  of  organochlorine 
}n*eetintfo**—{ i)  Relationship  between  the  intensity  of  exposure  and 
the  concentrations  in  tissues:  The  entry  of  an  organochlorine  insecti- 
cide into  the  body  may  occur  either  by  ingestion,  inhalation,  or 
percutaneous  absorption.  Ingestion  is  the  only  route  of  entry  which 
has  l>oon  systematically  studied  in  relation  to  the  residues  arising  in 
body  tissues.  Fortunately,  this  also  appears  to  he  the  major  route  of 
entry  of  the  insecticides  into  the  bodies  of  most  members  of  the  general 
population. 

DDT:  Laug  and  Fitxhngh  in  one  of  the  earliest  studies  of  the  store 
of  DDT  in  tissues  concluded  that  the  concentration  of  DDT  in  fatty 
tissue  of  rats  was  correlated  with  the  level  of  DDT  in  the  diet  in  the 
range  100-800  p.p.ni.  ( /)  Hayes  (2)  reviewed  the  evidence  up  to  about 
1058  and  concluded  that  “when  other  factoi*s  are  kept  constant,  the 
peak  storage  of  DDT  in  each  tissue  varies  directly  with  the  daily 
dose.”  That  this  conclusion  was  warranted  l>y  the  data  he  reviewed  is 
shown  by  figures  1 and  2 which  are  reproduced,  for  convenience,  from 
Haves’  review.  The  results  obtained  by  Durham  ct  ah  (3)  in  a study 
of  the  storage  of  DDT  in  the  body  fat  of  Rhesus  monkeys  also  show 
that  there  is  an  obvious  correlation  between  the  concentration  of  DDT 
ill  body  fat  and  that  in  the  diet  of  the  monkeys  (see  fig.  3).  In  a study 
in  which  DDT  was  given  to  human  volunteers  Hayes  ct  ttf,  (.{)  con- 
cluded that  the  storage  of  DDT  in  man  was  proportional  to  the  dosage. 
Hsing  the  results  of  (his  trial,  and  those  of  a second  trial  (3) , Durham 
ct  ah  {0)  derived  a graphical  relationship  between  dosage  and  storage 
of  DDT  in  man.  The  results  used  by  Durham  have  been  used  to  con- 
struct figure  4.  The  relationship  between  the  mean  (arithmetic)  con- 
centration of  DDT  in  sulx'utuneous  fat  and  the  daily  dose  of  DDT  lias 
been  calculated : 

I op  jo  C=  0.014  2 + 0.G539  tog,0  ( M)*X  daily  dose  of  DDT,  mg.) 

(±0.105) 
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where  C is  the  concentration  of  DDT  in  fat,  p.p.m.,*  where  the  value 
dt0.105  in  parentheses  is  the  standard  error  of  the  slope  of  the  regies- 
si  on  line.  The  relationship  is  not  exact  us  arithmetic  means  have  been 
used  in  deriving  an  equation  involving  the  logarithms  of  the  variables; 
strictly  the  geometric  means  should  be  used  but  t lie  published  results 
do  not  allow  these  to  be  calculated, 

Dieldrin:  It  has  been  shown  that  the  concentrations  of  DEOD  in 
the  tissues  of  rats  and  dogs  (7)  are  related  to  the  daily  intake  (see  fig. 
6).  (Salmon  et  a!,  (5)  concluded  that  in  steers,  hogs,  lambs,  cows,  and 
sheep  the  amount  of  dieldrin  stored  in  the  body  fat  appeared  to  be 
proportional  to  the  rate  of  intake.  An  examination  of  their  results  (see 
fig.  0)  indicates  that  they  have  been  rather  cautious  in  drawing  such  a 
tentative  conclusion.  In  man,  it  has  been  shown  that  the  concentrations 
of  II KOI)  in  whole  blood  and  adipose  tissue  were  correlated  with  the 
daily  intake  of  that  compound  (9. 10 ),  and  explicit  relationships  lmve 
lx*cn  derived  (W) ; these  are: 

((concentration  of  II KOI)  in  blood) 
0.000086  w 
(concentration  of  ilhOl)  in  i it)/ 
0.0185 

Conclusion:  All  the  available  experimental  evidence  indicates  that 
the  concentrations  of  DDT  and  IIKOI)  in  the  tissues  of  experimental 
aniiuals  and  of  man  are  related  to  the  dietary  intake. 

(ii)  Relationship  between  the  duration  of  the  exposure  and  the 
concentrations  in  tissues — DDT:  Hayes  [2)  concluded  that  the  degree 
of  storage  of  DDT  in  the  adipose  tissue  of  rats  varied  directly  with 
the  number  of  doses  until  a peak  or  plateau  was  reached,  but  that  the 
true-dosage  relationships  were  much  less  well -understood  for  other 
organs.  Results  consistent  with  this  concept  of  an  approach  to  an  upper 
limit  of  storage,  characteristic  of  the  particular  daily  intake,  have 
been  obtained  by  Ortega  et  at.  (II)  in  the  case  of  ilie  rat  (see  fig.  7), 
and  by  Durham  et  at,  (3)  in  the  Rhesus  monkey  (see  lig.  8).  Hayes 
et  at,  (i)  concluded  that  human  males  achieve  storage  equilibrium  for 
DDT  in  about  a year  (see  lig.  fi),  but  that  further  observation  was 
necessary  to  establish  this  conclusion  firmly.  Hayes  (2)  commented 
that  after  the  plateau  concentration  had  been  achieved  there  was  a 
tendency  for  the  concentration  of  DDT  in  the  body  fat  of  rats  to 
decline.  There  is  an  apparent  tendency  for  n similar  decline  in  the 
concentration  of  DDT  in  the  body  fat  of  t lie  Rhesus  monkey  (see  lig. 
8), but  Durham  etal.  (3)  suggested  that  this  limy  be  an  artifact  caused 
by  random  variation  and  the  loss  of  some  animals  from  their  respec- 
tive groups. 
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Dieldrin:  The-  concentrations  of  II KOI)  in  the  tissues  of  ruts  and 
dogs  approach  1111  upper  limit  of  storage  characteristic  of  the  daily 
intake  (7), and  tliis  phenomenon  is  illustrated  in  figure  10,  bused  upon 
the  results  obtained  by  Deichmann  et  at.  (12)  in  a trial  in  which  a diet 
containing  50  p.p.m.  dieldrin  was  fed  to  female  rats.  Richardson  et  at. 
(12)  determined  the  concentration  of  HKOl)  in  the  blood  of  dogs 
given  daily  doses  of  0.1  mg.  dieldrin/kg.  for  128  days.  These  workers 
reported  a highly  signtieant  relationship  between  the  logarithm  of  the 
concentration  of  IIKOI)  in  the  blood  and  the  logarithm  of  the  con- 
centration of  IIKOI)  in  the  diet  (i.e.,  a power-function  relationship). 
The  implications  of  such  a relationship  are  discussed  below,  blit  it  was 
considered  desirable  to  fit  the  data  to  an  asymptotic  relationship  of 
the  form  fitted  to  the  human  data  (see  below) : 

C**Cm  ( I — 

where  C is  the  concentration  at  time  t,  V „ is  t lie  concentration  at  t= 
and  k is  a constant.  A comparison  of  the  goodness  of  fit  of  the  two 
relationships  is  given  in  table  1. 

Tablk  1. — Comparison  of  the  goodness  of  fit  of  the  concentration — time  relationship 
for  HEOD  in  the  blood  of  dogs 

Residual  variance— 


Dog  No,  C a It  about  about 

asymptotic  power- 

relationship  function 

2 429  (±167)  0.0045  (±0.0020)  0.004574  0.  004598 

4 126  (±13)  0.  017 1(±  0.0028)  0.004494  0.00568 

0 89  (±25)  0. 0119  (±0.  0047)  0.01664  0.0206 


It  will  be  noted  that  the  residual  variance  about  the  asymptotic  rela- 
tionship is  smaller  than  that  about  the  power  function*  For  the  reasons 
discussed  below  it  is  considered  that  the  asymptotic  function  is  the 
more  appropriate  relationship. 

Keane  and  Zavo:i(/,{)  studied  the  concentration  of  11  ROD  in  the 
Mood  of  dogs  which  had  been  given  1 mg./HEOI)/kg,  l>ody  weight/ 
day  for  5 days,  followed  by  0.2  mg.  IIEOD/kg./dfiy  for  a further  54 
days.  They  concluded  that  the  concentration  of  dieldrin  in  the  blood  of 
nil  the  animals  remained  very  constant  during  the  last  53  days  of  the 
trial,  that  the  ratio  of  the  concentrations  of  dieldrin  in  the  fat  to  that 
in  the  blood  remained  relatively  constant  for  each  dog  during  the  ex- 
l>oriineut,  and  that  a storage  equilibrium  existed  during  the  latter  part 
of  the  trial.  The  validity  of  some  of  the  conclusions  of  t!iese  authors  is 
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doubtful,1  but  these  doubts  do  not  affect  the  general  conclusion  given 
Lclow. 

The  experiment  in  which  IIEOI)  was  given  daily  to  volunteers  for 
2 years  gave  (9>10)  results  winch  have  been  analyzed  in  detail  (10)  and 
sliown  to  be  consistent  with  an  asymptotic  relationship. 

The  concentration  of  IFKOI)  in  the  blood  of  dogs  tends  to  decline 
after  reaching  a max imuni  (unpublished  results,  Tunstall  Laboratory) . 

Conclusion:  The  concentrations  of  DDT  and  HEOD  in  the  tissues 
of  rats,  dogs,  and  man  do  not  increase  in  a rectilinear  manner  as  the 
time  of  ingestion  increases;  the  concentrations  approach  an  upper 
limit,  or  asymptote,  characteristic  of  the  daily  dose.  If  the  exposure  is 
continued  for  u sufficient  period  of  time  there  are  indications  that  the 
concentrations  in  tissues  tend  to  decline. 

(iii)  Relationships  between  the  concentrations  in  various  tissues — 
DDT:  It  appears  from  figure  10  of  Hayes1  review  (2)  that  the  con- 
centrations of  DDT  in  the  various  tissues  are  correlated. 

Dieldrin:  Significant  correlations  were  found  between  the  concen- 
trations of  HEOD  in  the  blood  and  other  tissues  of  rats  ( 7,  12)  (see 
fig.  10),  dogs  (7)  and  man  (0,  JO ).  Keane  and  Zavon  (16)  determined 
the  concentrations  of  dieldrin  in  the  blood  and  body  fat  of  dogs  given 
daily  doses  of  dieldrin  and  found  a significant  correlation  between 
them.  The  results  of  Deichmann  et  aL  (12)  also  show  that  the  concen- 
trations of  dieldrin  in  body  fat  and  liver  are  correlated  with  that  in 
the  blood  (see  fig.  11).  These  correlations  are  implicit  in  the  relation- 
ships of  type  I and  II  discussed  above  and  their  explicit  demonstration 
is,  in  that  sense,  an  example  of  redundant  information.  Heuristically, 
however,  it  is  convenient  to  discuss  these  correlations  explicitly.  The 
quantitative  relationships  between  the  concentrations  in  the  various 
tissues  are  also  of  direct  practical  interest. 

Conclusion:  The  concentrations  of  HEOD  in  the  blood  are  signifi- 
cantly correlated  with  those  in  the  other  tissues  and  it  is  probable 
that  corresponding  correlations  exist  in  the  case  of  DDT. 

(iv)  Relationship  between  concentrations  in  tissues  and  time  since 
exposure  ceased — DDT:  The  concentration  of  DDT  in  the  adipose 
tissue  of  monkeys  {<?),  and  rats  (//),  and  cows  (10)  has  been  found 
to  decline  when  exposure  ceased.  The  change  in  concentration  is  not 
related  to  time  in  either  a linear  or  exponential  manner  (see  figs.  12, 


1 For  example,  Kenne  and  Zavon  </J)  state  that  "the  concentration  of  dieldrin  In  the 
blood  of  nil  the  animals  remained  very  constant  from  day  7 to  day  59.  An  examination 
of  the  result*  given  In  table  2 of  their  paper  show*  that  there  was  R significant  increase 
In  the  concentration  of  dieldrin  In  the  blood  during  this  period: 


cB!ood  - 


0,0781  +9.70 
(±0.016) 


The  slope  of  the  line  deviates  significantly  from  xero,  and  hence  the  concentration  waa 
Increasing  during  the  l»eriod  of  the  experiment. 
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13,  and  14)  a ml  McOully  (10),  for  example,  suggested  that  the  power 
function  could  be  fitted  to  tlieir  results.  That  their  results  could  be 
fitted  to  such  a relationship  is  quite  probable,  but  a more  plausible 
relationship  is  one  involving  two  exponential  terms;  this  type  of  rela- 
tionship is  shown  in  figure  14.  The  decline  in  the  concentration  of  DDT 
in  the  tissues  when  exposure  is  terminated  implies  that  DDT  is  being 
lost  from  the  Ixxly,  either  as  unchanged  DDT  or  ns  metabolites.  Studies 
of  the  concentration  of  DDT  or  its  metabolites  in  excreta  are  therefore 
relevant  to  this  topic. 

From  the  results  obtained  by  Durham  ft  ah  (?)  in  tlieir  study  of 
DDT  storage  in  Tthesus  monkeys  it  may  be  shown  (see  fig.  15)  that 
the  concentration  of  DDT  and  DDA  in  the  excreta  are  related  to  the 
intake  of  DDT.  As  the  concentration  of  DDT  in  the  body  fat  is  also 
related  to  the  daily  dose  (see  sec.  I(i)  above)  the  concentrations  of 
DDT  and  DDA  in  excreta  are  also  related  to  the  concentration  of 
DDT  in  the  fat.  The  results  of  Hayes  ft  ah  (4)  and  Durham  ft  ah  (17) 
indicate  that  tlio  concentration  of  DDA  in  the  urine  of  man  is  also  a 
function  of  exposure  (see  figs.  16  and  17). 

Dieldrin : The  concentrations  of  ITEOD  in  the  tissues  of  rats  decline 
during  the  postexposurc  period  (/&).  There  are  differences  in  the 
rates  of  change  of  the  concentrations  in  the  various  tissues  (see  figs. 
18  and  19),  and  the  following  empirical  relationships,  for  example, 
have  been  derived  from  the  experimental  observations : 

/7ra, — 13.5  exp  (—0.067 1) 

Ou% ver = 0.71  exp(  — 0.54 1 ) 4*0.233 exp ( - 0.068 1) 

The  concentration  of  ITEOD  in  the  blood  of  workmen  lias  been 
found  to  decline  when  their  industrial  exposure  to  aldrin  and  dieldrin 
was  terminated  ( 10)  (see  fig.  20),  and  the  mean  concentration  of 
ITEOD  in  the  blood  of  volunteers  who  had  been  given  known  daily 
closes  of  TIEOD  was  also  found  to  have  decreased  significantly  during 
the  8-month  post  exposure  period  (10). 

The  results  obtained  by  Korte  and  his  coworkers  in  studies  of  the 
metabolic  fate  of  14/7-labelcd  cyclodiene  insecticides  (20)  showed  that 
metabolites  of  these  compounds  occurred  in  the  excreta  of  rats  and 
rabbits.  In  one  experiment  rats  were  given  Hff-aldrin  daily  for  12 
weeks,  and  it  was  found  that  after  about  8 weeks  the  total  amount 
of  “^'-activity  in  the  excreta  was  equal  to  the  daily  administered 
dose-  (21).  It  was  also  found  that  the  majority  of  the  activity  was  in 
the  form  of  hydrophilic  metabolites.  These  results,  in  which  the  activ- 
ity eliminated  per  day  eventually  balanced  the  amount  administered 
per  day,  are  the  obverse  of  the  approach  of  the  concentrations  of 
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HEOD  in  the  tissues  to  upper  limits,  ami  are  analogous  to  the  results 
obtained  in  relation  to  the  excretion  of  I)DA  by  subjects  treated  with 
DDT. 

Conclusion:  The  concentuitions  of  DDT  and  TIEOT)  in  body  tis- 
sues decline  when  exposure  ceases;  the  relationship  between  the  con- 
centrations in  rissues  and  time  during  the  postexposure  period  depends 
upon  the  compound  and  the  tissue : the  declines  in  the  residues  of  DDT 
in  the  body  fat  of  rats,  monkeys,  and  steers  appear  to  deviate  signifi- 
cantly from  a simple  exponential  decline,  whereas  HEOD  residues  in 
the  body  fat  of  rats  do  so  decline.  The  residues  in  HEOD  in  the  liver 
and  blood  of  rats  can  be  fitted  to  a relationship  involving  two  exponen- 
tial terms. 

(v)  Dynamics  of  other  organochlorine  insecticides  or  related 
compounds : In  surveys  of  the  occurrence  of  organochlorine  compounds 
in  human  adipose  tissue  it  1ms  been  found  that,  apart  from  pp'-DDT 
and  HEOD,  residues  of  pp'-DDD,  pp'-DDE,  isomers  of  benzene  liexa- 
chloride  (mainly  and  y),  and  heptachlor  epoxide  are  also  present. 

The  dynamics  of  the  behavior  of  these  compounds  in  man  are  there- 
fore of  interest.  Unfortunately,  the  evidence  available  is  slight,  but 
such  studies  as  have  been  made  indicate  that  their  dynamics  are  of  a 
similar  form  to  those  of  DDT1  and  HEOD.  The  most,  important  of 
these  other  compounds  (as  regards  the  dimension  of  the  residues 
found)  are  pp'-DDE  and  jJ-BHC,  and  further  information  on  the 
kinetics  of  these  two  compounds  in  experimental  animals  and  man  is 
desirable. 

(vi)  Excretion  of  organochlcrine  insecticides  in  milk  and  eggs: 
A number  of  experimental  studies,  particularly  of  DDT  and  HEOD, 
have  been  made  of  concentrations  of  organochlorine  insecticides  in 
cows  milk,  and  of  the  eggs  of  chickens  and  other  birds,  in  relation  to 
the  intensity  and  duration  of  exposure.  Most  of  the  studies  have  been 
concerned  with  determining  empirical  relationships  and  the  analysis 
of  the  results  in  relation  to  the  dynamics  of  these  compounds  has  not 
usually  l>een  carried  out.  However,  the  results  appear  to  l>e  generally 
consistent  with  the  four  conclusions  drawn  above  from  studies  of  the 
concentrations  in  the  body  tissues  of  rats,  dogs,  steers,  and  man. 

II.  Inference*  from  the  empirical  rchtliomhips . — In  part  I of  this 
review  particular  stress  has  been  placed  upon  the  relationships  be- 
tween the  different  variables.  A number  of  inferences  may  be  drawn 
from  the  lvlationships  between  these  variables.  In  addition  to  these 
inferences  it  is  desimble  to  establish,  if  possible,  a theory  or  model 
which  will  provide  a rational  basis  for  the  relationships  and  the  deduc- 
tions based  on  them.  Such  a model  is  required  if  the  results  of  animal 
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trials  are  to  be  used  in  the  interpretation  of  the  epidemiological  sig- 
nificance of  residues  in  the  general  population. 

(i)  Inferences  drawn  from  the  empirical  relationships  between 
variables : In  the  case  of  IIEOD  it  has  been  shown  that-  the  concentra- 
tions of  this  compound  in  various  body  tissues  are  related  to  the  con- 
centration in  the  blood  in  both  the  exposure  and  ]>ostexposiire  periods, 
i.e.,  there  is  a concerted  change  of  the  concentration  of  HEOD  in  t lie 
blood  and  other  tissues.  Such  an  inter-relationship  may  be  explained 
in  several  ways  but  the  most  plausible  is  that  there  is  a reversible  inter- 
change of  HEOD  between  the  circulating  blood  and  the  other  body 
tissues.  Such  n reversible  process  is  not  unexpected  in  view  of  the 
physico-chemical  properties  of  HEOD,  and  is  analogous  to  the  parti- 
tioning of  HEOD  between  different  liquid  phases.  The  other  orgtmo* 
chlorine  insecticides  will  also  partition  themselves  between  different 
phases,  differences  bet- ween  them  being  reflected  in  the  partition  coef- 
ficients characteristic  of  the  diffeicnt  compounds. 

A second  inference  may  ho  drawn  from  the  observed  decline  in  the 
concentrations  of  organochlovine  insect  ides  in  the  body  tissues  when 
exposure  is  terminated.  Some  of  this  decline  may  arise  from  elimina- 
tion of  the  compounds  from  the  body  without  chemical  change  (e.g. 
small  amounts  of  pp'-DDT  and  HEOD  are  found  in  the  faeces). 
However  metnbolities  of  DDT  and  IIEOD,  for  example,  have  also 
been  found  in  excreta.  This  indicates  that  they  undergo  biochemical 
conversion  in  the  body.  The-  rate  of  conversion  at  a site(s)  of  reaction 
may  be  expressed  in  general  terms: 

Where  n is  the  order  of  the  reaction  with  regard  to  the  substrate 
molecule.  The  concentration  of  the  substrates,  in  relation  to  whole  tis- 
sue, are  very  low  (about  10'W  or  lower),  it  is  probable  that  the 
concentrations  at  the  site(s)  of  action  arc  also  very  low.  In  these  cir- 
cumstances a zero-order  reaction  (i.e.,  n = o.  in  which  case  the  rate  of 
metabolism  is  i nclo|>eiiHoiit  of  the  concentration)  is  unlikely.  The 
simplest  rate  equation  is  that  corresponding  to  n first  order  reaction 
(«  = 1 ),  and  tlic.ratc  of  renet  ior:  in  this  case  is  given  by : 


It  is  easily  shown  that  this  corresponds  to  an  exponential  relation- 
ship between  the  concentration  at  the  *Ue(x)  of  reaction  and  the  time 
since  entry  of  HEOD  to  the  site  of  miction  was  terminated : 

O'  = C0  exp(  -~kt) 

where  0 9 is  the  concentration  at  time  t and  V0  is  the  initial  concentra- 
tion at  the  site(s)  of  reaction. 
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The  concentration  of  substrate  at  the  site  of  reaction  when  there  is 
a continuing  steady  rate  (a)  of  injection  of  the  substrate  may  be 
derived  by  integration  of  the  relationship: 


dc  , , 

di+kc=:a 

whence:  |(1  — e~kt) 


(it  has  been  assumed,  for  simplicity,  that  the  concentration  of  the 
substrate  at  the  site  of  reaction  was  zero  before  the  ingestion  of  the 
substrate  at  a known  rate). 

With  continuing  injection  of  substrate,  i.e.  as  the  concentra- 

tion at  the  site(s)  of  reaction  approaches  a finite  upper  limit  of  asymp- 
totic (=~).  This  treatment  may  be  generalised  to  the  case: 

ft+kcn=a 

and  in  all  cases  for  n>o,  it  can  be  shown  that  the  concentration  at  the 
site(s)  of  reaction  approaches  a finite  upper  limit 
as  time  increases. 

Unfortunately  we  are  unable  to  measure  the  concentrations  of  sub- 
strates at  the  site(s)  of  reaction;  only  the  concentrations  in  tissues  or 
subcellular  fractions  can  be  measured.  Consequently  these  inferences 
regarding  the  concentrations  at  the  site(s)  of  reaction  are  of  academic 
interest  unless  we  make  some  other  assumption*. 

(ii)  The  compartmental  model  and  its  application  to  the  pharma- 
cokinetics  of  organochlorine  insecticide:  The  compartmental  model 
has  been  used,  with  great  success  in  the  study  of  the  dynamics  of  drugs, 
lipids,  metallic  ions,  etc.  and  there  appeor  to  be  no  a-priori  reasons  for 
not  applying  such  a model  to  the  organochlorine  insecticides  (££, 

The  basic  concepts  of  the  model  are  os  follows.  The  aniniul  body 
is  considered  to  consist  of  an  infinite  number  of  infinitesimal  elements 
of  volume.  Collections  of  elements  form  sets,  the  defining  property  of 
each  set  being  time  within  a set  any  change  in  the  chemical  potential 
of  a substrate  in  any  element  of  that  set  results  in  an  instantaneous 
and  equnl  change  of  chemical  potential  of  the  substrate  in  all  other  ele- 
ments (note  that  chemical  ^quipotentiol  does  not  entail  equal  concen- 
trations of  the  substrate  in  all  the  elements  of  a set).  Such  a set  is 
called  a compartment.  The  volumes  of  the  compartments  are  assumed 
to  be  constant,  and  the  boundary  between  contiguous  sets  or  comport- 
ments is  regarded  as  an  interface.  Some  interfaces  allow  a reversible 
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movement  of  substrate  molecules  between  <ompartment3,  such  move- 
ments continuing  (and  therefore  taking  a finite  time)  until  the  chem- 
ical potential  in  all  the  compartments  has  approached  the  same  value. 
Ill  at  least  one  of  the  compartments  biochemical  conversion  of  the  sub- 
strate may  occur,  and  the  rate  of  conversion  is  assumed  to  be  of  the 
first-order.  Substrates  may  be  eliminated  from  the  organism  via  one 
or  more  compartments.  The  simplest  model  is  one  in  which  there  is 
only  one  compartment,  and  the  equations  for  the  behavior  of  a sub- 
strate in  such  a system  are  similar  to  those  given  above  for  the  con- 
centration of  an  insecticide  at  the  site(s)  of  conversion.  With  models 
containing  two  or  more  compartments,  the  compartments  may  be  ar- 
ranged in  series,  parallel,  or  combinations  of  serie3/parallcl. 

The  compartmental  model  has  been  presented  above  in  general 
terms,  and  a more  specific  model,  representative  of  the  behaior  of 
organochlorine  insecticides,  is  as  follows. 

It  was  argued  above  that  the  experimental  results  indicate  a rever- 
sible transfer  between  the  circulating  blood  and  other  tissues.  This 
corresponds  to  the  so-called  mamillary  model  consisting  of  a central 
compartment  with  one  or  more  peripheral  compartments  in  parallel 
with  it  Direct  transfer  of  the  substrate  between  peripheral  compart- 
ments cannot  be  excluded  on  a priori  grounds,  but  the  simplest  multi- 
compartmental  modek  are  those  in  which  such  interchange  does  not 
occur.  A two-compartmental  model  has  been  suggested  for  HEOD 
in  the  rat  and  the  experimental  results  are  in  good  agreement  with 
the  predictions  of  this  model  (18)*  The  results  of  studies  of  Ihc 
decline  of  the  concentration  of  DDT  in  the  body  fat  of  rats,  monkeys 
and  steers  differ  from  those  obtained  with  HEOD  in  that  a simple 
exponential  relationship  does  not  appear  to  represent  adequately  the 
results  (see  Figures  12,  IS  and  14).  More  detailed  studies*  of  this  point 
are  required,  hut  if  there  is  a real  departure  from  a simple  exponential 
decline  it  is  tempting  to  speculate  that  this  may  arise  from  DDT  in 
the  fat  cell  behaving  as  if  the  latter  contained  two  compartments. 
Results  of  studies  of  the  metabolism  of  lipids  in  the  fat  cell  have  been 
interpreted  on  such  a basis  (26) . 

The  compartmental  model,  in  the  form  proposed  above  for  organo- 
chlorine insecticides,  is  very  flexible,  even  with  the  contraints  used  in 
that  model.  One  or  more  of  the  contraints,  e.g.  constancy  of  the  volumes 
of  compartments  or  of  the  partition  ratio  between  peripheral  compart- 
ments and  the  central  (blood)  compartment,  may  be  unrealistic  in 
some  circumstances.  Thus,  in  a rapidly  growing  animal  the  compart- 
mental volumes  are  obviously  not  corstant.  The  phenomenon  of  enzyme 
induction  may  require  a change  in  the  assumption  concerning  the  rate 
of  metabolism  of  a substrate,  etc.  The  mathematical  models  become 
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very  complex  in  these  cases  and  there  is  insufficient  quantitative  data 
at  present  to  justify  further  development  of  the  model. 

(iii)  Pharmacokinetics  of  organochlorine  insecticides  in  relation  to 
the  results  of  epidemiological  surveys : The  results  of  studies  of  the 
dynamics  of  DDT  and  IlEOP  in  experimental  animals  (including 
man)  have  certain  implications  in  regard  to  the  occurrence  of  residues 
of  organochlorine  insecticides  in  the  general  population: 

1,  The  concentrations  of  these,  compounds  in  blood  or  adipose  tissue 
may  be  used  as  indices  of  total  body  burden,  and  of  exposure  to  these 
compounds. 

2,  continuing  exposure  to  these  compounds  will  not  result  in  a con- 
tinuous arithmetic  incree.se  of  their  concentration  in  body  tissues.  The 
upper  limit  of  storage  in  each  tissue  for  a particular  exposure,  and 
the  time  required  to  approach  this  upper  limit,  are  characteristic  of 
each  compound*, 

3.  changes  in  the  absolute  or  relative  sires  of  the  compartments  in 
the  human  body  will  result  in  changes  in  the  concent’  ions  in  these 
compartments, 

4.  when  the  level  of  continuing  exposure  is  reduced  the  concentra- 
tions in  the  body  tissues  decline;  the  rates  of  decline  nrv  gain  charac- 
teristic of  each  compound. 
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Concenfation  of  HEOO  in  liver. 
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Figure  12. — Decline  of  the  concentration  of  DDT  in  the  bodyfat  of  rhetu t mon- 
kryt  of  ter  exposure  hat  ceatei  ( bated  on  Durham  et  «!*). 
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Figube  13, — Decline  of  the  concentration  of  DDT  in  the  todyfat  of  male  rats 
during  the  post-exposure  period  { based  on  Ortega  ctaliX). 


287 


ERIC  ; 


,371-OM  O — 68 


fO 


10000 


O Mean 

[ standard  error  of  mean 


o 

ERIC 


1000 


50 


100  150  200  " 250" 

Time  since  exposure  cessed,  days 


"3fe“ 


ISO 


Figure  14. — Decline  of  the  concentration  of  pp'-DDT  in  the  hodyfat  of  atcera 
after  expoaure  haa  ceaacd  (laacd  on  McCuUy  ct  alu). 
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Concentration  of  ODT  and  ODA  in  excreta,  mg/kg/day 
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Fiouke  15. — Relationship  between  the  concentration  of  DDT  and  DDA  in  the 
excreta  of  rhesus  monkeys  and  the  daily  dose  of  DDT  ( based  on  Durham 
etal *). 
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Figube  16.— Relationship  between  the  concentration  of  pp'-DDA  in  the  urine  of 
man  and  time  of  treatment  with  pp'-DDT  { based  on  Hayes  et  al 4) . 
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Figube  18. — Decline  of  the  concentration  of  HEOD  in  \he  adipose  tissue  of  rats 
during  the  post  exposure  period ,u 
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Figure  19. — Decline  of  the  concentration  of  HEOD  fn  the  blood  and  Uver  of  rati 
during  the  post  exposure  period .u 
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Figube  20. — Decline  of  the  concentration  of  HEOD  <n  the  blood  of  workmen  after 
industrial  exposure  has  been  terminated  (based  on  Jager  H). 
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HUMAN  EFFECTS 

In  this  section,  published  reports  on  the  relationship  between  pesti- 
cide exposure  and  human  health  are  grouped  according  to  three  major 
classes  of  evidence:  (1)  Controlled  human  exposures;  (2)  epidemio- 
logical evidence,  involving  retrospective  or  planned  prospective  obser- 
vations of  defined  human  populations  exposed  to  pesticides,  and 
preferably  involving  also  an  unexposed  “control”  group  and  (3) 
clinical  case  reports,  in  which  one  or  several  human  subjects  have 
apparently  been  made  ill  as  a result  of  exposure  to  a single  pesticide 
or  a combination  of  pesticides. 

Conclusions  reached  from  these  forms  of  evidence  vary  in  validity 
and  reliability.  Evidence  based  on  controlled  human  exposure  is  the 
most  reliable  of  all  but  obviously  relates  only  to  the  dosage  employed 
and  other  conditions  of  the  study.  Also,  the  subjects  selected  can  never 
adequately  repiesent  the  wide  variety  of  exposed  population  groups 
to  which  reference  was  made  above. 

Clinical  evidence  is  vital  to  the  physician  in  his  efforts  to  under- 
stand the  symptomatology  of  human  intoxication,  and  discover  effec- 
tive courses  of  therapy.  However,  this  kind  of  evidence  is  sometimes 
the  source  of  unprovable  conjectures  and  allegations  about  cftuse  and 
effect  relationships. 

The  epidemiological  approach  may  provide  statistically  significant 
evidence  of  differences  in  morbidity  and  mortality  patterns  between 
exposed  and  control  groups.  This  allows  investigators  to  focus  upon 
specific  disease  entities  or  syndromes  which  are  particularly  prevalent, 
to  identify  the  “weak  link”  in  the  chain  of  causation,  and  to  plan 
programs  of  prevention.  Unfortunately,  the  complexities  and  cost  of 
study  design  and  execution  tend  to  discourage  widespread  application 
of  this  valuable  technique. 

Controlled  human  exposures 

Because  of  the  complexities  of  extrapolation  of  animal  data  to 
humans,  the  literature  cites  many  examples  of  human  volunteer 
studies  where  pesticides  have  been  given  or  applied  to  human  volun- 
teers. Such  persons  have  received  a prescribed  dose  of  pesticide,  single 
or  in  combination  for  a prescribed  duration  of  time.  The  main  purpose 
toxicological  doses,  or  to  evaluate  the  route  of  absorption  or  the  effect 
of  such  variables  as  protective  clothing,  temperature,  etc.  or  the 
characteristics  of  the  pesticide  vehicle  (dust  versus  emulsifiablc 
concentrate).  In  addition,  considerable  information  on  the  pharmaco- 
dynamics of  and  storage  of  pesticide  has  been  obtained  from  several 
well-conducted  studies.  Insofar  as  oral  doses  of  organophosphates  are 
concerned,  the  works  of  Rider,  J.  A.  and  Moeller,  M.  C.  and  their  estab- 
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lishment  of  incipient  oral  toxicity  levels  of  the  more  commonly  used 
organophosphates  should  be  especially  cited.  Utilizing  as  indicative  of 
minimal  toxicity  that  amount  which  when  ingested  over  a period  of 
several  weeks  will  produce  a symptomless  average  decrease  in  choline- 
sterase activity  of  20-25  percent  below  control  values.  Doses  for  para- 
thion, systox,  octamethyl  pyrophosphoramide  (OMPA)  and  methyl 
parathion  in  man  were  7.5  mg,,  8.75  mg.,  1.5  mg.,  and  between  11  and 
19  mg.'s  per  day  respectively.  (Rider,  et  al,  1967).  Hartwell,  et  al 
(1964)  conducted  a controlled  respiratory  exposure  study  on  human 
volunteers  using  parathion.  Their  results  indicated  that  the  respiratory 
route  was  the  more  toxic  and  that  ambient  temperature  was  a signifi- 
cant factor  in  toxicity.  Dermal  exposures  of  human  volunteers  were 
conducted  of  Hayes,  G.  H.,  et  al,  1966.  Parathion  dust  and  emulsion 
produced  no  cholinesterase  inhibition  when  applied  to  the  arms,  but 
when  the  subjects  evolving,  excluding  the  head  was  exposed  a 50  per- 
cent decline  in  plasma  values  was  observed  with  dust. 

Studies  in  volunteers. — DDT,  DDD,  methoxychlor,  and  dicldrin 
have  been  studied  in  volunteers.  One  of  them,  DDT,  has  been  tested 
to  learn  how  much  would  be  dangerous  under  very  adverse  conditions 
of  use.  All  have  been  explored  to  learn  the  safety  of  repeated  doses 
much  larger  than  those  ever  contacted  by  ordinary  people  and  at  least 
somewhat  larger  than  those  usually  encountered  by  men  who  make  or 
mix  the  compounds 

When  it  became  apparent  during  World  War  II  that  DDT  was 
effective  for  controlling  the  vectors  of  malaria,  typhus,  plague,  and 
certain  other  diseases  of  tremendous  military  importance,  the  toxicity 
of  the  compound  was  studied  by  teams  of  investigators  in  several 
countries.  Since  the  results  of  animal  tests  were  encouraging,  the 
studies  were  carried  to  volunteers  to  explore  the  safety  of  military  use 
and  even  the  effects  of  accidental  ingestion.  Following  the  war,  volun- 
teers were  studied  to  learn  the  effects  of  daily  ingestion  of  large  doses. 

Experimental  respiratory  exposure  to  DDT . — In  order  to  determine 
the  consequence  of  frequent  and  indiscriminate  use  of  DDT,  Fennah 
(1945)  inhaled  100  mg./day  for  a total  of  11.5  months.  No  ill  effects 
were  observed.  Neal  et  al.  (1944)  reported  almost  continuous  daily 
exposure  to  aerosols  sufficient  to  leave  a white  deposit  of  DDT  on  the 
nasal  vibrissae  of  the  volunteers.  This  exposure  produced  moderate 
irritation  of  the  nose,  throat,  and  eyes.  Except  for  this  irritat  ion  dur- 
ing exposure,  there  were  no  symptoms,  and  laboratory  tests  and  phys- 
ical examination,  including  neurological  evaluation,  failed  to  reveal 
any  significant  changes. 

Experimental  dermal  exposure  to  DDT. — In  three  subjects,  experi- 
mental dermal  exposure  to  DDT  was  followed  by  fatigue,  aching  of 
the  limbs,  anxiety  or  irritability,  and  other  subjective  complaints. 
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Recovery  was  delayed  a month  or  more  (Wiggleeworth,  1945;  Case, 

1945) .  In  neither  instance  was  there  an  independent  control.  Although 
the  dosage  was  unmeasured,  the  amounts  of  DDT  absorbed  must  have 
been  much  smaller  than  those  involved  in  subacute  oral  tests  and  very 
much  smaller  than  minimal  single  oral  doses  (6  to  10  rag./kg.)  that 
have  led  to  mild  illness.  One  of  the  studies  involved  self-experimen- 
tation  by  one  man.  A similar  but  somewhat  more  severe  test  on  six 
volunteers  produced  no  toxic  or  irritant  effect  at  all  (Dangerfield, 

1946) .  In  view  of  all  other  experiments  and  extensive  practical  expe- 
rience, it  must  be  concluded  that  the  illnesses  reported  by  Wigglee- 
worth and  by  Case  were  unrelated  to  DDT. 

With  the  exceptions  just  mentioned,  dermal  exposure  to  DDT  has 
been  associated  with  no  illness  and  usually  no  irritation  (Domenjoz, 
1944 ; Cameron  and  Burgess,  1945 ; Dangerfield,  1946;  Chin  and  T’Ant, 
1946;  Wasicky  and  Unti,  1944;  Draize  et  ah.  1944;  Haag  et  a!.,  1948; 
Fennah,  1945).  In  fact,  Hoffman  and  Lendlo  (1948)  reported  that 
even  subcutaneous  injection  of  colloidal  suspensions  of  DDT  in  saline 
in  concentrations  up  to  30  p.p.m.  caused  no  irritation.  Zein-el-Dine 
( 194 J)  reported  that  DDT-impregnated  clothing  caused  a slight, 
transient  dermatitis,  but  the  method  of  impregnation  was  not  stated 
and  the  absence  of  solvent  was  not  guaranteed.  Other  more  thorough 
studies  of  DDT-imgregnated  clothing  have  found  it  not  irritating 
(Domenjoz,  1944;  Cameron  and  Burgess,  1945). 

Chin  and  T’Ant  (1946)  applied  small  pads  impregnated  with  dif- 
ferent formulations  of  DDT  to  the  inner  surface  of  the  forearm  of 
32  volunteers  whose  cutaneous  sensation  had  previously  been  measured 
for  a period  of  4 weeks.  Pads  impregnated  with  all  the  elements  of 
the  formulation  except  DDT  were  applied  to  the  corresponding  posi- 
tion of  the  other  arm  n a control.  Powdered  DDT  and  5 percent 
solutions  of  DDT  showed  little  effect.  Ten  percent  and  20  percent 
solutions  in  olivf  oil  and  pelmlalum  showed  no  remarkable  effect  on 
sensation  of  pain,  cold  or  heat,  but  reduced  tactile  sensation  in  most 
cases  so  that  the  minimal  pressure  wM-h  could  arouse  the  tactile 
rensation  was  1 to  2.5  g./cm.'  higher  than  in  the  control. 

Experimental  oral  erpotv re  to  DDF.— Careful  study  of  volunteers 
who  ingested  one  or  a few  large  doses  of  DDT  have  established  that 
10  mg./kg.  is  the  threshold  dosage  that  leads  to  significant  discomfort 
in  some  people  but  no  detectable  effect  in  others.  That  the  observed 
difference  is  due  to  individual  variation  of  the  subject!  if  indicated 
by  the  results  of  accidents  in  which  dosage  of  10  mg./kg.  (or  in  • single 
instance,  6 mg./kg.)  led  to  mild  poisoning  in  some  persons  but  no 
effect  in  others  (Ifaieh,  1954).  However,  it  is  also  possible  that  in- 


vest  ig«  tors  hare  differed  in  flieir  evaluation  of  completely  subjective 
changes  att  ributed  by  some  to  dosages  of  about  3.5  mg./kg. 

Velbinger  (1947a,  1947b)  reported  that  doses  of  250  or  600  mg. 
of  DDT  in  the  form  of  a suspension  or  a solution  in  oil  produced  no 
effect  except  a variable,  slight  disturbance  of  the  sensitivity  of  the 
mouth.  Doses  of  760  or  1000  ing.  in  oil  solution  led  to  disturbance  of 
the  sensitivity  of  the  lower  part  of  the  face,  uncertainty  of  gait, 
malaise,  hypersensitivity  to  contact,  cool  moist  skin,  but  no  change  in 
reflexes.  Discomfort  reached  a peak  about  6 hours  after  ingestion.  A 
dose  of  1600  mg.  in  oil  solution  produced  prickling  of  the  tongue 
and  around  the  mouth  and  nose  beginning  about  2.6  hours  after  the 
dose.  Disturbance  of  equilibrium,  dizziness,  confusion,  and  tremor  of 
tlie  extremities  gradually  increased.  A peak  reaction  characterized  by 
malaise,  headache,  fatigue  And  delayed  vomiting  was  reached  about 
10  hours  after  ingestion.  Recovery  was  almost  complete  in  24  hours. 

Other  investigators  (Domenjoz,  1944;  MacCormack,  1945;  Neal 
tt  r?A,  1940)  found  this  same  range  of  doses  (250  to  1500  nig.)  were 
without  clinical  effect.  The  difference  was  not  associated  with  failure 
of  absorption,  for  excretion  of  the  metabolite  DDA  was  measured  in 
connection  with  one  study  (Neal  et  at..  1940)  and  it  was  noted  that 
lice  were  killed  when  fed  on  a man  0 and  12  hours  after  he  had 
ingested  1600  mg.  of  DDT  dissolved  in  butter  (MacCormack,  1945). 

It  has  been  noted  in  the  course  of  tests  with  volunteers  that  dilute 
colloidal  aqueous  suspensions  of  DDT  are  odorless  and  tasteless 
(Domenjoz,  1944;  Hoffman  and  fondle,  1948).  Saturated  alcoholic 
solutions  of  DDT  have  a weak  aromatic  taste  or  rather  odor.  Some 
people  And  these  solutions  slightly  anaesthetic  to  the  tongue  (Hoffman 
and  fondle,  1948).  The  taste  of  DDT  in  vegetable  oil  is  so  slight  that 
many  persons  can  not  identify  capsules  containing  0,  3.6  and  85  mg. 
of  DDT  when  they  are  presented  separately  but  can  arrange  them  in 
proper  order  when  one  of  each  Is  available  for  comparison. 

The  possible  clinical  effects  of  many  repeated  doses  of  DDT  were 
first  explored  by  Fennah  (1945).  Because  of  his  interest  in  predicting 
the  results  of  indiscriminate  use,  he  expressed  the  exposures  in  terms 
of  environmental  levels  rather  than  a3  dosage  units.  The  exposures 
were  clearly  higher  than  those  ordinarily  encountered.  In  one  test, 
lasting  a total  of  11.6  months,  Fennah  daily  inhaled  100  mg.  of  pure 
DDT  and  drank  water  dusted  at  the  rate  of  3,240  mg./m.'.  Much 
of  the  inhaled  dust  must  have  been  deposited  in  the  upper  respiratory 
tract  and  swallowed,  hater,  for  1 month,  Fennah  ate  food  all  of  which 
had  been  sprayed  at  the  rate  of  2,160  mg./m.*  after  it  had  been  served. 
No  ill  effect  of  any  kind  was  observed. 


Later,  studies  of  DDT  in  volunteers  were  designed  to  explore  the 
details  of  storage  and  excretion  of  the  compounds  in  man  and  to  search 
for  possible  effects  of  doses  considered  to  be  safe.  In  the  first  of  these 
studies,  men  were  given  0,  3.5  and  35  mm./man/day.  These  doses, 
plus  DDT  measured  in  the  men’s  food,  resulted  in  dosage  levels  of 
0.0021-0.0034,  u.038-0.063,  and  0.36-0.61  mg./kg./day,  respectively, 
the  exact  value  depending  on  the  weight  of  each  individual.  Six 
volunteers  received  the  highest  dose  of  technical  DDT  for  12  months, 
and  three  received  it  for  18  months.  A smaller  number  of  men  ingested 
the  lower  dose  of  technical  DDT  or  one  of  the  doses  of  recrystallized 
DDT  for  12  or  18  months.  No  volunteer  complained  of  any  symptom 
or  showed  by  the  testa  used  any  sign  of  illness  that  did  not  have  an 
easily  recognizable  cause  clearly  unrelated  to  the  exposure  to  DDT.  At 
intervals,  the  men  were  given  a systems  review,  physical  examination, 
and  a variety  of  laboratory  tests.  Particular  attention  was  given  to 
the  neurological  examination  and  liver  function  tests,  because  the 
major  effects  of  DDT  in  animals  involve  the  nervous  system  and  the 
liver  (Hayes  et  a?.,  1056).  The  same  result  was  obtained  in  a second 
study  in  which  the  same  doses  were  given  for  21.5  months  and  the 
volunteers  were  observed  for  a minimum  of  25.5  additional  months 
(Hayea  et  a/.,  1061). 

In  both  studies,  storage  of  DDT  was  proportional  to  dosage.  Men 
who  received  p,p'-DDT  at  the  average  rate  of  0.6  mg./kgyday  stored 
concentrations  ranging  from  120  to  650  p.p.m.  in  their  fat,  with  ail 
average  of  825±62.2  p.p.m.  Those  receiving  technical  DDT  at  the 
same  rate  stored  105  to  610  p.p.m.  with  an  average  of  281  ±70.5  p.p.tn. 
The  results  were  statistically  indistinguishable  in  the  two  studies. 
When  dosing  was  started,  the  urinary  excretion  of  DDA  increased 
rapidly  at  first  and  then  more  gradually  until  a steady  state  was 
reached  in  6 to  8 months  in  different  groups  of  men.  A longer  period 
(18.8  to  21.6  months)  was  required  to  approach  a steady  state  of  stor- 
age in  fat.  The  greater  storage  of  p,p'-DDT  was  matched  by  lesser 
excretion;  during  the  steady  state  the  average  urinary  concentration 
of  DDA  derived  from  p,p'-DDT  was  1.88  p.p.m.,  while  that  from 
technical  DDT  was  2.08  p.p.m.  During  the  latter  part  of  the  dosing 
period,  It  wax  possible  in  the  two  groups  receiving  recrystallited  and 
technical  DDT  at  the  rate  of  35  mg./man/day  to  account  for  an 
average  of  13  perrent  and  16  percent,  respectively,  of  the  daily  dose 
in  terms  cf  urinary  DDA.  The  excretion  of  DDA  was  relatively  con- 
stant in  each  individual,  but  marked  difference  was  observed  between 
men  receiving  the  same  dose.  For  example,  ot  er  a period  of  48  weeks 
the  highest  rate  measured  for  one  man  was  O.’l  mg./hr.  while  the 
lowest  rate  for  another  in  the  same  group  was  0.15  mg./hr.  Their 
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mean  rates  during  this  period  were  0.081  and  0.270  mg./hr.,  respec- 
tively. The  difference  was  highly  significant  (P<0.001). 

DDT  was  lost  from  storage  in  fat  slowly  after  dosing  was  sloped. 
The  concentration  remaining  following  25. B months  of  recovery  was 
from  32  percent  to  36  i>ercent  of  the  maximum  stored  for  those  who 
had  received  35  mg./man/day  but  was  66  percent  for  those  who  re- 
ceived only  3.5  mg./man/day,  indicating  slower  loss  at  lower  storage 
levels. 

Recently,  DDT  lias  been  used  on  an  experimental  basis  at  dosage 
rotes  varying  from  0.3  to  3 mg./kg./day  for  periods  up  to  7 months  in 
an  attempt  to  decrease  scrum  bilirubin  levels  in  selected  jaundiced  pa- 
tients. No  side  effects  were  observed.  No  improvement  was  noted  in 
patients  with  jaundice  based  on  cirrhosis  who  had  no  demonstrated 
liver  enzymes  deficiency.  However,  in  a patient  with  familial,  non- 
hemolytic, unconjugated  jaundice  based  on  a deficiency  of  glucuronyl- 
transferase,  treatment  with  DDT  rapidly  reduced  the  plasma  bilirubin 
level  to  the  normal  range  and  relieved  the  patient  of  nausea  and 
malaise  from  which  he  had  suffered  intermittently.  The  liver  function 
tests  as  well  as  other  laboratory  findings  remained  normal.  The  im- 
provement was  maintained  during  the  6 months  when  DDT  was  ad- 
ministered, and  had  persisted  for  7 additional  months  at  the  time  the 
report  was  written.  In  this  case,  a dosage  of  1.6  mg./kg./day  produced 
a steady  rise  in  plasma  levels  of  p,p'-DDT  from  an  initial  level  of 
0.005  p.p.m.  to  a maximum  of  1.33  p.p.m.  at  the  end  of  treatment.  At 
this  time,  the  concentration  in  body  fat  was  203  p.p.m.  Plasma  levels 
fell  slowly  after  dosing  was  stop|*d  (Thompson  et  at..  1969).  The 
highest  daily  intake  in  this  series  was  six  times  greater  than  the  high- 
est level  administered  in  earlier  studies  and  about  7,600  times  greater 
than  the  DDT  intake  of  the  general  population.  The  highest  value  for 
p,p'-DDT  in  serum  observed  in  the  entire  series  was  1.330  p.p.m. 
compared  to  0.996  p.p.m.,  the  highest  value  reported  by  Laws  tt  al. 
(1967)  for  formulating  plant  workers. 

ErperimentoJ  oral  ttpoturt  to  DDD. — DI)D  is  an  insecticide  in 
its  own  right  and  a metabolite  of  DDT.  An  attempt  has  been  made 
to  use  the  compound  as  a drug  to  control  different  forms  of  adrenal 
overproduction  of  corticoids  in  man.  The  attempt  was  originally  based 
on  the  demonstration  that  DDD  (Nelson  and  Woodard,  1918;  1949), 
especially  o,p'-DDI)  (Cueto  and  llrown,  1962)  causes  gross,  atrophy 
of  the  adrenals  and  degenerat  ion  of  the  cells  of  its  inner  cortex  in  dogs. 
Tins  essentially  experimental  use  has  met  with  limited  success.  TTie 
dosage  given  has  varied  from  7 to  236  mg./kg./day,  but  a dosage  of 
approximately  100  mg./kg./day  for  many  weeks  has  been  necessary 
to  produce  any  benefit  lr  man  (Pergenstal  tt «/.,  I960;  llledsoe  et  at.. 


1964;  Gallagher  et  ah,  1962;  Southern  et  al.,  1966a,  1966b;  Virdon  et 
al .,  1962;  and  Wallace  et  ah,  1961).  In  contrast,  a rate  of  only  4 mg./ 
kg./day  is  required  to  produce  marked  atrophy  of  the  adrenal  in  the 
dog.  Kupfer  (1967)  reviewed  the  extensive  literature  indicating  that 
the  effect  in  man  and  other  species  except  the  dog  is  caused  by  stimu- 
lation of  corticoid  metabolism  by  massive  doses  of  o,p'-DDD  and  not 
to  any  direct  effect  on  the  adrenal.  Southern  et  al.  (1966a,  1966b) 
agreed  that  the  effect  was  predominantly  extra-adrenal  in  man  when 
the  drug  was  first  given  but  offered  evidence  that  adrenal  secretion  of 
cortisol  was  eventually  reduced. 

Even  large  doses  of  o,p'-DDD  cause  no  histological  alteration  of  the 
adrenals  in  man  (Wallace  et  ah,  1961)  Doses  in  the  therapeutic  range, 
(specifically  those  between  110  and  140  mg./kg./day)  produced  no 
detectable  injury  to  the  liver,  kidney,  or  bone  marrow.  All  patients 
treated  in  this  way  experienced  significant  anorexia  and  nausea,  and 
some  showed  central  nervous  system  depression  varying  from 
lethargy  to  somnolence.  These  toxic  effects  cleared  when  dosing  was 
discontinued  (Bergentstal  et  ah,  1960). 

Experimental  oral  exposure  to  methoxychlor.— Men  were  fed 
methoxychlor  at  dosage  levels  of  0,  0.6,  1.0,  and  2.0  mg./kg./day  for 
8 weeks.  Careful  clinical  observations  were  made,  and  repeated  samples 
were  taken  for  hematology,  biochemistry,  and  urinalysis.  At  the  end 
of  the  study,  biopsies  of  fat,  testis,  bone  marrow,  liver,  and  small  intes- 
tine were  obtained  for  multiple  basic  studies  including  biochemistry, 
electron  microscopy,  and  gas-liquid  chromatic  lipid  analyses.  The 
studies  indicated  thesafety  of  methoxychlor  at  200  times  the  maximum 
permissible  limit  which  is  far  greater  than  the  actual  intake  of  me- 
thoxychlor by  |>eople  in  the  general  population  (Stein  et  ah,  1966). 

Experimental  oral  exposure  to  dieldrin.— In  order  to  determine 
the  relationships  between  absorption  and  accumulation  of  dieldrin  in 
man,  a pharmacodynamic  study  was  carried  out  with  four  groups  of 
volunteers  (8  to  4 people  per  group)  who  were  given  daily  dosages 
of  the  active  ingredient  in  gelatin  capsules  for  2 years  (Hunter  and 
Robinson,  1967;  Hunter  et  at.,  1969).  The  dosage  levels  were  0,  0.01, 
0.06,  and  0.211  mg./man/day.  These  intentional  doses  were  in  addition 
to  an  estimated  daily  intake  of  0.014  mg.  from  food.  In  view  of  the 
weight  of  the  men  involved,  the  highest  total  intake  was  in  the  range 
of  0.0028  to  0.0036  mg./kg./day.  Dieldrin  concentrations  in  the  blood 
and  adipose  tissues,  urinalysis,  ERG  studies,  polygraphic  recording 
of  cardiorespiratory  function,  electromyographic  studies,  blood  chem- 
istry, estimation  of  blood  plasma  protein  and  urea,  activity  of  plasma 
alkaline  phosphatase,  SGPT,  SOOT,  and  the  activity  of  erythrocyte 
and  plasma  cholinesterase  were  determined  on  the  volunteers.  Pull 


clinical  examinations  were  made  during  the  3d,  9th,  15th,  16th,  and 
24th  months  of  exposure. 

The  subjects  selected  were  18  healthy  men  without  a history  of 
recent  occupational  exposure  to  pesticides  and  whose  ages  ranged  from 
21  to  52  years. 

The  results  of  all  ancillary  observations  showed  no  differences  be- 
tween the  exposed  and  control  subjects. 

The  only  changes  found  in  the  exposed  subjects  were  increases  in 
the  concentration  of  dieldrin  in  the  samples  of  adipose  tissue  and 
blood.  A relationship  was  established  between  concentrations  of  the 
compound  in  whole  blood  or  adipose  tissue,  and  the  daily  dose  and 
duration  of  exposure.  This  relationship  is  of  a curvilinear  type  with  a 
finite  upper  limit  (asymptote) . 

The  upper  limits  of  storage  were  0.0202  p.p.m.  in  blood  and  2.85 
p.p.m.  in  adipose  tissue  of  the  men  given  0.211  mg./man/day. 

The  concentration  of  dieldrin  in  adipose  tissue  was  related  to  that 
in  whole  blood,  the  ratio  of  the  concentrations  being  186  (confidence 
limits, />=0.95, 109-170). 

An  estimate  of  the  half-life  of  dieldrin  in  the  blood  of  man,  based 
on  the  decrease  in  tissue  levels  during  the  first  9 months  post -exposure 
period  was  869 days. 

In  summary,  this  6tudy  demonstrated  three  major  facts : 

First,  the  lack  of  any  effect  of  the  ingestion  of  amounts  of  dieldrin 
up  to  0.225  mg./man/day  over  a period  of  2 years  on  the  health  of 
male  volunteers  and  on  the  results  of  a very  extensive  battery  of  lab- 
oratory tests,  including  the  measurements  of  hepatic  and  nervous 
system  function. 

Second,  the  development  of  a steady  stale  of  storage  associated 
with  the  continued  intake  of  specified  quantities  of  dieldrin. 

Third,  the  existence  of  a dependable  relation  between  the  level  of 
intake  and  of  storage  in  blood  and  adipose  tissue.  This  relation  allows 
the  calculation  of  lex-els  of  intake  or  alisorption  by  the  simple  deter- 
mination of  dieldrin  levels  in  blood,  or  in  fat  of  people  at  the  steady 
state  of  storage. 

The  dynamics  of  storage  in  man  has  l>cen  explored  more  thoroughly 
from  a mathematical  standpoint  for  dieldrin  than  for  I)I)T.  However, 
it  is  clear  that  the  general  pattern  is  the  same  for  loth.  It  is  a |«attem 
well  established  in  pharmacology  and  it  fully  explains  the  steady 
stale  of  storage  corrrs|tonding  to  each  level  of  intake.  The  experi- 
mental results,  in  combination  with  an  nnderstandingof  the  principle* 
involved,  offers  assurance  there  will  lie  no  increase  in  storage  in 
different  |K>pulalion  groups  in  the  absence  of  increased  exjiosure. 
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Epidemiology  of  ;>c*ficidf* 

Man,  today,  is  in  a dilemma  as  to  how  to  further  proceed  with  his 
chemical  control  of  |*sts.  On  the  one  hind,  Ihe  very  obvious  benefits 
that  his  society  has  attained  hv  past  pest  control  practices  have  vastly 
improved  his  comfort  and  standard  of  living.  Now  in  many  areas  of 
the  world  he  is  no  longer  Inhered  hy  vector  borne  infectious  diseases; 
in  many  countries  his  improved  food  and  fiber  technology  resulting 
from  pesticide  usage  has  somewhat  simplified  his  problems  of  hunger 


M4 


and  starvation.  Ou  the  other  hand,  the  visible  costs  of  this  environ* 
mental  manipulation  are  more  obvious.  The  ecological  signals  from 
fish  and  birds  me  of  concern.  Even  the  health  implications  of  his  own 
residues  for  himself  and  his  progeny  are  still  not  satisfactorily  an* 
Mvered.  Reassurances  based  ii|kiii  the  ie|H>rts  of  the  health  and  well 
being  of  pesticide  workers  or  information  on  animal  ex|*rimentntions 
have  not  l>oen  sufficient  to  totally  remove  these  doubts.  Animal  studies 
on  carcinogenesis,  mutagenesis,  and  the  demonstration  of  enzyme  in* 
duction  are  all  events  which  have  caused  him  to  reappraise  his  future 
l>olicips.  Naturally*  therefore,  the  continued  use  of  certain  persistent 
|*sticides  comes  under  review,  Heiein  lies  the  crux  of  his  dilemma. 
If  specific  restrictions  are  introduced,  what  will  be  tbe  consequences 
of  shifting  to  shorter  acting  pesticides?  Will  there  be  greater  incidence 
of  acute  i>esticide  jxnsoiiings  since  for  tbe  most  part  toxicity,  espe* 
dally  dermal  \s  greater?  What  effects  will  this  produce  on  the  price 
of  food  and  the  co.<  of  living?  What  will  Ixj  the  repercussions  of 
changes  on  the  developing  countries,  where  the  need  for  increased  food 
production  and  malaria  control  is  paramount?  Although  such  ques* 
tions  can  only  Ik?  totally  answered  by  synthesizing  the  recommenda- 
tion of  many  disciplines,  epidemiology  is  one  which  can  provide  a 
significant  contribution.  This  section  of  tbe  report,  reviewing  the  evi- 
dence from  the  more  recent  and  {>ertinent  literature  assesses  tbe  health 
hazards  from  an  epidemiologic  j>oint  of  view,  measuring  tbe  health 
effects  consequent  n|>on  lx>th  acute  and  chronic  pesticide  ex|>ostire. 

The  epidemiology  of  acute  i**ticidc  /tohonings. — Before  reviewing 
the  agent  host  attributes  of  acute  |>e.Micide  poisonings,  some  informa* 
t on  on  the  incidence  data  is  im]>nt1aut.  Poisonings  by  pesticides  is 
not  in  most  areas  a notifiable  disease,  so  that  the  acquisition  of  true 
incidence  is  deficient  in  the  mote  dcvclo|>od  countries  and  practically 
ini|>ossih1c  in  developing  countries* 

In  the  Tinted  States,  the  mortality  late  has  been  given  as  1 per  1 
million  and  the  ratio  of  fatal  and  iionfatal  ]*»sonings  expressed  as 
1 to  13  in  one  study  and  1 to  in  another  study  depending  upon  the 
criteria  of  severity  (Hayes,  W.  *1.,  11X51).  The  death  rates  associated 
with  accidental  poisoning  by  solids  and  liquids  have  remained  rela* 
lively  stable  since  1039.  Between  101*  and  IPM*  there  was  a decrease 
in  the  death  rate  associated  with  accidental  poisoning  by  gases  and 
v»|>ors.  Since  1030  tbe  death  rates  associated  with  solids  and  liquids, 
and  gases  and  vapors  have  1»een  alx»ut  equal  totaling  *2  per  100,000 
population  for  all  tyj>es.  Pesticides  contribute  a substantial  pro|>orlion 
of  cases  caused  by  all  solids  and  liquids  a proportion  which  has 
ranged  from  12.8  i*rcent  and  A |*rcent  in  different  year*  (McCarthy, 
if.  A.,  100T).  A physician  and  a medical  examiner  reviewed  in  1061 


assessed  that  00  percent  of  poisons  due  to  i>estieides  were  correctly 
diagnosed  (Hayes,  W.  »?.;  Pirkle,  C.  I.t  1060).  In  spite  of  this  how* 
ever,  it  has  been  found  that  many  deaths  ultimately  shown  to  be  due 
to  j>esticides  were  not  correctly  diagnosed  until  they  came  to  autopsy. 
Thus,  of  fight  cases  of  organophosphate  insecticide  poisonings  occur- 
ing  in  Dade  County  in  1063,  six  were  totally  unsuspected  until  coming 
to  autopsy  and  chemical  analysis  (Davis,  ,T.  IL,  1063).  In  a review  of 

I, 000  deaths  subjected  to  medico-legal  death  investigation  over  a 10- 
year  period  0.7  percent  were  due  to  pesticides  and  in  the  under  6-year- 
agc  group  pesticides  were  the  leading  cause  of  death  (40  percent)  far 
exceeded  deaths  due  to  all  medications  including  aspirin  (24  percent) 
(Davis,  J.  II.,  1067),  Parathinn  was  the  leading  cause  in  this  series 
and  the  indiscriminate  use  of  this  chemical  in  the  home  and  the  ready 
availability  of  the  discarded  pesticide  containers  were  significant 
contributory  factors  (Plates  A and  B). 

Another  variable  that  lias  to  be  considered  is  reflected  in  the  avail* 
ability  of  medical  facilities  for  death  investigation.  Between  one-half 
and  two-thirds  of  the  approximate  3,000  counties  of  the  United  States 
have  little  or  no  professional  facilities  for  death  investigations  (Davis, 

J.  H.  et  al.,  1069).  In  Puerto  Kim,  | pesticides  are  the  leading  cause  of 
fatal  poisonings  (Kaye,  ,S.,  1067).  Ti  e limitation  of  present  incidence 
data  based  u|xm  nationwide  mortality  data  has  been  doscrilied  (Hayes, 
W.  J.,  1064;  Haves, \V.  J.;  Pirkle, (\  L,  1066;  Reich,  O.  A.  et  al.,  1068). 
A sj)ccial  survey  of  death  due  to  solids  and  liquids  was  conducted  in 
1064  (Reich,  G.  A.  et  al.%  1068).  Kightoen  hundred  and  seventeen 
deaths  were  so  categorized.  Two  hundred  and  eighty-three  of  these 
were  assigned  to  category  K888  (W.H.O.,  Geneva,  1057).  Ninety  of 
these  were  due  to  |K>sticides  and  more  than  one-third  of  the  deaths 
occurred  in  preschool  children.  In  Dade  County,  both  fatal  and  non- 
fatal  poisonings  liy  pesticides  fell  into  one  of  three  distinct  groups: 
(a)  Young  children  who  accidently  ingested  (>eslicides,  (b)  young  to 
middle  age  adult  males  who  are  occup* tion ally  exposed,  and  (c)  mid- 
dle age  to  older  adults  who  suicidally  ingest  pesticides  (Reich,  O.  A. 
et  al.%  1068;  Davies,  J.  E,  et  al.,  1967).  The  case  fatality  rates  in  these 
three  groups  was  22  percent,  4 percent,  and  70  percent;  and  (he  per* 
rentage  due  to  organophosphales  was  72  percent,  96  percent,  and  60 
l*rcenl.  Parathion  was  by  far  the  most  significant  organophosphate 
insecticide. 

This  century  has  seen  marked  improvement  in  the  safe  handling  of 
these  chemicals  even  though  the  extent  of  such  use  has  increased 
greatly.  Testimony  to  this  is  the  reduced  case  fatality  rate  in  the 
occupationally  exposed  group  mentioned  in  the  previous  page, 
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In  the  countries  where  there  are  less  government  conti*ols  and  the 
inherent  problems  of  toxicity  nre  ill  understood,  incident  data  is 
usually  provided  by  re|)orts  of  epidemics  of  pesticide  poisonings. 
Some  of  these  ait*  listed  in  Table  I (Anderson,  L.  S.  et  al.,  1065;  Cam, 
(\,  Xigogosvan,  106.1,  Coble,  Y.  et  ah,  1067;  Davies,  G.  M.,  JiCwis,  J., 
1050;  Gomez  Clloa.  M.  el  ah,  1007-68;  Haq,  I.  IT.,  1063;  Jalili,  M.  A., 
Abbasi,  A,  II.,  1001;  Kanaganitnam,  K.  et  ah,  1000;  Kanmakaran, 
C.  ().,  1058,  Lange,  1\  K.,  Terveer,  J.,  1054;  Lemmon,  A.  13.,  1056; 
Marquez  Mayaudon,  K.  et  nl.,  1068;  McGee,  L.  C.  et  ah,  1066;  Quinby, 
O.  K.j  Ixmnnon,  A.  Ik,  1058;  Milby,  T.  H.  et  ah,  1064;  01  Achrafi,  T., 
100:1;  Ordonez,  J.  V.  et  ah,  10GG,  Przyborowski,l\  ct  ah,  106*2;  Schmid, 
It.,  10CO.  Warren,  M.  <\  et  ah,  1063;  Weeks,  I).  K.,  1007;  Wisliahi,  A. 
et  ah,  105S;  West,  I.,  1005;  Armstrong,  It.  W.  ct  ah,  1060;  Hatclier  & 
Wiseman,  1000), 

Morbidity  data  can  I>est  be  extrn|K>lated  from  areas  where  re|>orting 
occupational  ix/jsoning  by  i>csticides  is  mandatory.  In  California  such 
reports  arc  required  if  work  injury  involves  the  approximately  B0 
l>ercent  of  employed  j>ersons  in  that  State  covered  by  the  California's 
Workmen's  Cnnqjensation  Law  (West,  I.,  Milby,  T,  II.,  10G5).  lie* 
tween  1060  and  1063,  the  number  of  reports  of  work  injury  from 
pesticides  has  ranged  from  8*27  to  1,013  annually.  The  number  of  per- 
sons at  risk  is  estimated  to  be  approximately  250,1*00  (California  De- 
partment of  Public  Health,  1060, 106L  106*2, 100:3).  A I out  one  half  of 
these  re|)orts  deal  with  skin  disease  and  about  one  third  with  systemic 
illness.  During  this  same  i*riod  |>esticides  caused  21  deaths  in  Cali- 
fornia. Of  the  total,  five  were  associated  with  occupational  ex|>osurr 
while  10  other  deaths,  largely  of  children,  were  not  occupational  in 
origin  (West,  I.,  Milby, T.  H.,’l065). 

Agcnf  factor. — Table  II  lists  the  jtfslicide  production  1060-06  in 
the  Cnited  Slates.  Seventy-nine  different  types  of  pesticides  have  been 
retried  as  causing  human  i*)isonings.Of  these  there  were  10  different 
organophosphate  cnnii*nmds, 420  organnchlorinc  compounds,  five  ear- 
tamales,  eight  herbicides,  and  miscellany  of  other  materials.  Figures 
1 and  II  from  A.IMI.A.s  manual  “Safe  Cso  of  Pesticides,  1067) 
show  the  relative  dermal  and  oral  toxicities  of  the  more  commonly 
used  organophosphates  and  organoeldorincs.  Ciulerstandably  agent 
contribution  to  the  epidemiology  of  acute  pesticide  intoxication  is 
largely  a reflection  of  toxicity  and  availability.  It  hasl^cen  sliownthat 
insofar  as  occu|*aliona1  ex|>osnre  is  concerned,  the  dermal  LD*  is  more 
indicative  of  what  can  ta  cx|*xtcd  firm  jioisotiing  in  jwple;  thus 
paralhion  causes  more  i»oisoning  than  methvl-paralhion,  a feature 
which  might  1*  explained  on  tlie  tasis  of  the  greater  dermal  toxicity 
in  the  former  (Hayes,  W.*!.,  1M4). 
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In  the  United  States,  parathion  and  phosdrin,  are  the  organophos- 
phates  which  have  caused  the  most  number  of  pesticide  poisonings. 
In  Dade  County,  Florida,  46  percent  of  72  pesticide  fatalities  between 
1059  and  1965  were  due  to  parathion  (Davies,  J.  E.  et  al.,  1967).  In 
south  Texas,  in  a study  of  129  pesticide  poisonings,  70  of  which  oc- 
curred in  1964,  98  |*rcent  were  caused  by  ethyl  or  methyl  parathion 
and  the  route  of  exposure  was  dermal  in  98  i>ercent  of  these  (Reich. 
G.  A.et  al.,10681). 

The  host. — In  the  United  States,  epidcmiologically  two  population 
groups  are  recognised  in  i>esticide  poisonings — children  and  adults. 
The  essential  demographic  characteristics  are  figuratively  shown  in  the 
attached  description  of  115  orgAnophosphate  )>oisoiiings  occurring 
in  south  Florida  (Sec  Figure  8)  (I)avies,  J.E.,  et  ah,  1969).  In  this 
area,  the  child  problem  can  almost  entirely  l>e  equated  with  the  ac- 
cidental ingestion  of  parathion  by  a 2^  year  old  Negro  male  infant. 
Recently  with  legislation  prohibiting  the  use  of  this  insecticide,  in  an 
urban  city,  the  position  lias  improved  considerably.  The  problem  of 
accidental  |>oisoning  by  a child  with  insecticides  is  really  a totally 
prevents!  1c  problem.  With  education  and  legislation  this  problem 
could  end  (and  is)  l#ing  improved.  An  extensive  nationwide  program 
is  currently  ojierational  advising  parents  of  Die  dangers  of  these 
economic  |>oisonings  and  advocating  storing  them  out  of  reach  of  chil- 
dren and  instructing  them  on  the  careful  and  safe  dis|x>sa1  of  con- 
tainers with  added  warnings  of  the  hazards  of  putting  |*sticides  in 
other  bottles  or  containers,  such  as  pop  bottles  or  nursing  bottles. 

Insofar  as  adult  |>oisonings  are  concerned,  if  suicide  or  homicide  are 
excluded,  the  problem  is  lacing  met  hv  nn  extensive  agricultural  educa- 
tional program.  Kducation,  surveillance,  improved  safety  technology 
in  the  production  levels  of  j>esticidcs  and  in  the  removal  and  destruc- 
tion of  air  and  water  effluent  are  also  contributing  factors  together 
with  the  use  and  changing  of  protective  clothing  and  the  favoring  of 
pesticides  of  an  intermediate  human  toxicity. 

In  the  developing  countries  the  problem  seems  to  be  due  to  ga|*  \n 
storage  and  transportation  and  case  which  used  containers  are  subse- 
quently acquired  and  used  domestically  for  storage  of  food.  legislation 
toward  the  serrate  handling  of  pesticides  and  food  in  transportation 
(sea  as  well  as  on  land)  would  lessen  the  occurrence  of  epidemics  of 
lansonings.  The  domestic  use  of  the  used  container  is  a common  source 
of  food  contamination  in  these  situations.  A universal  policy  on  con- 
tainer manufacture,  storage,  and  disposal  is  urgently  needed  and  would 
benefit  the  so  called  “developed"  and  developing  countries  alike.  In 
the  former  areas  warning  not  ices  of  toxicity  and  use  should  be  spelled 
out  in  the  language  of  the  particular  country. 
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In  the  United  States,  u special  area  of  concern  has  stemmed  from  the 
availability  of  chemicals  for  roach  control.  Thalimn  was  an  example  of 
a highly  toxic  material  which  was  far  too  dangerous  to  be  used  in  tlic 
home  and  it  is  only  within  the  last  2 years  and  after  several  hundred 
poisonings  that  this  material  has  been  removed  from  the  market 
(Koed,  IX  et  al.,  1903).  The  same  situation  existed  with  white  phos- 
phorous paste,  which  has  been  responsible  for  13  deaths  in  Dado  Count  j 
between  19aG  and  10(58,  and  only  recently  has  this  material  been  with- 
drawn from  local  stores;  the  use  of  materials  such  as  these  for  roach 
and  rodent  control  are  surely  e.xainplesof  over  kill. 

Nationwide,  statistics  on  fatal  and  non  fatal  poisonings  are  hard  to 
come  by,  so  that  those  agencies  who  carry  the  burden  of  responsibility 
of  pesticide  approval  and  blinding  are  not  able  to  obtain  a true  picture 
of  the  acute  toxicity  oileets  in  tiie  nation.  Only*  l>y  moans  of  a coiupie- 
liensive  pesticide  monitoring  network  can  the  total  health  ettccts  of 
acute  intoxication  be  truly  assessed. 


O 

ERIC 


309 


} 


s 


*1 


§ 


w 

>3 

PQ 

«! 

H 


II 


C>  W m M H o O , 
in  go6N^«o{^,^ 
*-h  <e  «h  co  n © co 


I £ s y a 

wEEw 


rt  a a a a a 
9ooooo 


It 

II 

3 » 

T3  hr 

9 O 
bfi  +> 

It 

Q* 

m 


o o 


iS  * 

8 g 
xa  «5 
w P^i 


d g 

© *5 


wwww5SphPhPh(£sh  pli^ 


310 


eo 

A 


SH  o ^ ^ « H ^ O 

CA  ^ © 

« A ^ 

A A 


© CO 
04  04 


a 

8 

o 


_-  c c , 

I —a  114  la 3 
fl  I 8 fi  a 

OOO^HHglSfS 


c 

a 


1 8 
fc  o 


o 
c 
o 

ft 
2 
£ c 
3 .2 

3 3 

c § 

£ £ 


s 

3 

B 

>. 

1 

B 

B 


c 

o 


B 

£ 

to 

■s 

3 


1 

£ 

u 

a 

8 

ft 

g 


3 

8 

a 

si 

8 

m 

§ 


311 


Figure  1.— .4c*«fc  oral  and  dermal  toxicity  values  for  some  phosphate  ester 

pesticides. 

{Prepared  by  the  Bureau  of  Occupational  Health,  State  of  California  Department  of  Public 
Health.  Copied  with  permission.) 
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Figure  2, — Acute  oral  and  dermal  toxicity  values  for  some  chlorinated  hydro - 

earhon  pestteldcs. 

(Prepared  by  ihe  Bureau  of  Occupational  Health,  State  of  California  Department  of  Public 
Health.  Copied  with  permission.) 
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Figure H. — Epidemiology  of  pesticide  poisoning  eases  in  Dade  County,  Fla,,  196$- 

1968 . 
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i Includes  the  chlorinated  compounds  aldrin,  chlordnne,  dieldrln,  endfin,  heptnchlor,  3 Includes  such  materials  os  dithiocarbamnte  fungicides,  malathion,  methoxychlor, 

and  toxaphene.  captan,  TDE,  organic  rodenticides,  etc.:  does  not  include  some  fumigants. 

- Gross  production  (gamma  isomer  content  was  7.7  million  pounds  in  1961, 3.4  million 
pounds  in  1962,  and  l.H  million  pounds  in  1963):  no  data  since  1963.  Source;  U.S.  Dept,  of  Agriculture,  Agricultural  Statistics  1968. 


Plate  A 

(By  permission  and  courtesy  of  Dr.  J.  H.  Davis,  Med.  Ex.  Dade  County) 
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Plate  B 

(By  permission  and  courtesy  of  Dr.  J.  H.  Davis,  Med.  Ex.  Dade  County) 
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residue.  No  casual  association  of  these  levels  with  disease  has  as  yet 
been  demonstrated,  their  magnitude  being  used  largely  as  an  epidemio- 
logic tool  reflective  of  national,  geographic  or  secular  doses  of 
pesticides. 

In  the  past  epidemiological  studies  of  the  effects  of  pesticides  on  the 
general  population  using  these  tissue  residues  as  biological  indices  of 
exposure,  have  either  sought  to  demonstrate  their  association  with 
health  or  disease,  or  they  have  compared  differences  in  health  experi- 
ence associated  with  those  variables  of  person,  place  and  time  which 
were  uniquely  reflective  of  the  differentials  of  human  pesticide  ex- 
posure (e.g.  occupational  exposure,  rural  versus  urban  exposures  or 
exposure  in  the  pre  and  post  DDT  eras). 

Human  pesticide  residues . A changing  profile , introduction. — Al- 
though qualitative  and  quantitative  pitfalls  in  pesticide  analytical 
chemistry  still  persist  in  certain  areas,  the  improvements  of  metho- 
dology and  instrumentation  have  reached  a degree  that  permits  mean- 
ingful epidemiological  interpretation  of  the  human  pesticide  preva- 
lance  (Robinson,  J.,  1960).  The  last  decade  has  seen  a substantial 
growth  of  information  on  both  the  qualitative  and  quantitative  nature 
of  the  pesticide  spectrum  in  man.  Thus,  qualitatively,  different  surveys 
have  demonstrated  traces  of  the  isomers  of  DDT  and  its  metabolites 
(Hayes,  1958;  Laug  et  ah,  1958;  Hayes  et  ah,  1956;  Hayes  etah,  1958; 
Quinby  et  ah,  1965;  Dale  and  Quinby,  1963;  Hoffman  et  ah,  1964; 
Zavon  et  ah,  1956;  Hayes  et  ah,  1965;  Schafer,  M.  L.  and  Campbell, 
J.  E.,  1966;  Radomski  et  ah,  1968;  Davies  et  ah,  1968;  Fiserova-Ber- 
gerova,  V.  et  ah,  1967;  Davies  et  ah,  1965;  Hoffman  et  ah,  1967;  Cas- 
arett,  L.  J.  et  ah,  1968;  Read  and  McKinley,  1961;  Maier-Bode,  1960; 
Hunter  et  ah,  1963;  Egan  et  ah,  1965;  Robinson  et  ah,  1965;  Hayes  et 
ah,  1963;  Denes,  1962;  Dale  et  ah,  1965;  Wassennan  et  ah,  1965; 
Brown,  J.  R,,  1967;  Engst,  R.  et  ah,  1967;  Robinson,  J.  and  Hunter, 
C.  G.  1966;  Cassidy,  W.  et  ah,  1967;  Abbott,  D.  C.  et  ah,  1968;  Kanitz 
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S.  mul  Gastello,  G.,  1906;  Del  XYcehio,  V.  and  Ijconi,  V.,  1967 ; Pacvag- 
nella,  H.  et  til.,  11)67;  Hick,  M.,  1967;  XVussennan,  XI.  et  ah,  1908;  Maes, 
It.  mul  Hsyndrickx,  A.,  1966;  Halacku,  K.ct  al.,  1 1>G5 ; Wcihe,  XI.,  1960; 
do  Vlieger,  XI.  et  al.,  1968;  Wnssennan,  XI.  el  al.,  1907 ; Hreworton,  H. 
V.  and  XIcGratli,  H.  J.  XV.,  1907;  Hronisas,  H.  et  al.,  1907;  Llinares, 

V.  M.  ami  XXYsserman,  XI,,  1908),  HUV  and  it * homers,  (Held tun , 
heptathlon  epoxide  in  variom  population  ftun'ct/s  (Dale  and  Quinby, 
1903;  Hoffman  et  al.,  1904;  Zavon  et  al.,  1905;  Hayes  et  al., 
1905;  Hunter  et  al.,  1903;  Egan  et  al.,  1905;  ltobinson  et  al.,  1965; 
Hayes  et  til.,  1903;  Dale  et  al.,  1965;  Sclmfer,  M.  L.  and  Campbell,  J. 
K.,  1900;  Fiserova-Hergerova,  V.  et  al.,  1907;  Hoffman,  XV.  S.  et  til., 
1968;  Edmundson,  X\r.  F.  et  al.,  1908;  Itudomski,  J.  L.  et  al.,  1908: 
Casarett,  L.  J.  et  al.,  1963;  Robinson,  J.  and  Hunter,  C.  G.,  1900; 
Abbott,  I).  C.  et  al.,  1968;  Cassidy,  XV.  et  al.,  1907;  Hick,  XI.,  1907; 
XXfasserman,  XT.  et  al.,  1968;  Kanitx,  S.  and  Gastello,  (».,  1966;  Del 
XYccliio,  Xr,  and  I^eoni,  Xr.,  1967?  Paccagnella,  H.  et  al.,  1907;  Hrown, 
J.  It.  1967;  de  Xrlieger,  XI.  et  al.,  1968;  XInes,  It.  and  lleyndrickx,  A., 
1966;  Denes,  A.,  I960;  Hrewerton,  It.  Y.  and  McGrath,  II.  J.  XX".,  1907 ; 
Engst,  It.  et  al.,  1967).  At  tins  time,  residues  of  polychlorinated  bn 
phenyl's  have  not  complicated  pesticide  residue  interpretation  in  hu- 
man adipose  surveys.  In  addition  to  adipose  surveys  concentration  of 
pesticide  levels  in  blood  have  recently  been  studied  (Dale,  X\r.  E.  et  ah, 
1966;  Robinson,  J.,  1963;  Soli ni it,  J.  A.  et  al.,  1964;  Kadis,  Xr.  X\r.  and 
Jonasson,  O.  J.,  1965;  Schaefer,  XI,  L,  and  Campbell,  J.  K.,  1966; 
Brown  V . K.  IT.  et  al.,  1964;  Robinson,  J.  and  Hunter,  C.  G.,  1966; 
Davies, ,T.  E.etal.  1969*;  Nachman,  G.  A.et  al.,  1969). 

Quantitatively,  greatest  emphasis  has  been  placed  on  the  prevalence 
of  DDT  and  its  metal>olites,  dieldrin  and  HHC;  considerable  infer- 
ences have  been  placed  oil  secular  and  geographical  interpretation 
of  these  levels;  tints  data  were  used  to  express  the  magnitudes  of  hu- 
man contamination  in  different  countries  and  were  quoted  as  indices 
of  pesticide  intake  of  the  country.  In  addition,  comparisons  be- 
tween countries  were  made,  and  when  collected  at  different  periods 
of  time  were  used  as  indices  of  secular  change  (Hoffman  et  al.,  1964; 
Quinby  et  al.,  1965;  Hoffman  et al,,  1967;  Hrown,,/.  K.,1967;  Hoffman, 

W.  S.,  1968) . Several  authorities  claimed  the  United  States  exposure  to 
certain  persistent  pesticides  were  going  down  based  on  data  from 
samples  collected  from  different  years.  Smaller  residue  studies  by 
comparing  levels  in  meat  abstainer's  and  meat  eateis  sought  to  iden- 
tify the  special  contributions  of  certain  special  food  items  such  as 
meat  (Hayes, XV.  J.  Jr.,  1958). 

More  recently  a new  interpretative  function  of  ]>esticide  residue 
levels  can  be  seen  in  the  literature.  Levels  have  l>cen  described  in 
s|>ecific  diseases;  some  have  demonstrated  an  association  of  pat  hob 
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ogies  with  high  residue  value  of  DDT  and  its  metabolites  (Radoinski, 
J.  L.  et  nl.,  1968;  Cassarett,  L J.  et  ah,  1968),  whereas  others  have 
found  no  association  with  ft  wide  ninety  of  pathologies  (Robinson, 
J.  et  ah,  1965;  Hoffman,  W.  S.  et  ah,  1967).  This  new  and  strictly 
epidemiological  use  of  pesticide  residue  highlights  the  urgent  need 
for  an  understanding  of  the  significance  of  pesticide  tissue  residues 
in  the  normal  individual  liefore  interpretations  can  lie  made  of  levels 
in  the  sick. 

The  epidemiology  of  adipose  and  blood  residue*  of  DDT  and  DDE 
in  humans — Interpretation  of  the  “leveP. — In  the  more  recent  pop- 
ulation surveys  of  i>esticide  residues,  two  methodological  improve- 
ments have  contributed  much  to  the  letter  understanding  of  human 
j>esticide  residues.  The  first  of  those  was  the  presentation  of  ndijiose 
data  of  DDT  and  its  metabolites  and  dieldrin  from  larger  and  more 
stratified  samples  of  populations  (Washerman,  M.,et  ah,  1907 : Davies, 
J.  K.,  et  ah,  1908;  Kduiundson,  W.  F.,  et  ah,  1908:  Davies,  J.  K.,  et  ah, 
1909*;  Yobs,  A.,  1909).  AH  over  the  world  meaningful  understanding 
of  human  jicstiridc  residues  has  Ipccii  severely  restricted  bv  the  small- 
ness of  sample  size  and  hv  the  absence  of  stratification.  Thus,  the  larg- 
est survey  from  nn  area  of  the  Vnited  States  was  provided  by  data 
from  944  ndijxjse  samples  collected  by  Hoffman,  from  Chicago.  In 
resjxmsr  to  a request  from  the  Secretary's  Commission  on  Km  iron- 
mental  Health  As|>ects  of  Pesticides,  most  useful,  valuable,  and  un- 
published material  has  1***n  provided  by  the  human  monitoring 
program  of  the  Division  of  ( onim unity  Studies,  Ol\S,  FDA,  Atlanta, 
(In.  (Dr.  Ann  Yobs).  A more  meaningful  description  of  the  qualitative 
character  of  the  I\S.  lmtuan  pesticide  residue  profile  is  provided  in 
table  111  for  tlie  fiscal  year  1907.  These  are  data  from  7U  samples 
(88  of  wltoni  were  Negro)  collected  from  19  States  of  the  Cnioii. 
Table  IV,  pivscntilig  cuunilative  data  from  tin*  Vnited  States  of 
America  for  1968,  stratified  by  ngc  and  race,  providing  information 
on  llio  prevalance  of  DDT  and  its  metabolites  and  dieldrin  from 
4,690  at1i]>ose  residues  obtained  from  the  human  monitoring  program. 

The  second  evrnt  lias  been  the  development  of  method*  for  measure- 
iivrnt  of  organoclilorine  |>esticides  in  blood:  blood  levels  for  DDT- 
derived  materials  and  dieldrin  were  found  to  correlate  significantly 
with  di|m$e  levels  (Robin^n,  J.,  1969;  Davies,  #f,  K.,  et  ah,  1969*; 
Schaefer,  M.  h,  and  Campbell,  d.  K.,  1966).  Thus,  a far  more  accept- 
able and  readily  obtainable  tissue  was  made  available,  j*rtrultmg 
larger  sampling  and  greater  stratification  of  various  study  groti|>*. 
Review  of  these  data,  provided  by  blood  and  adipose  surveys,  sug- 
gest that  whereas  dieldrin  levels  are  essentially  extremely  bomogf- 
nous,  there  are  significant  contribution*  of  person*  place,  and  time  to 


the  epidemiology  of  DDT  residues  in  man.  These  are  discussed 
hereinafter. 

Pcnonnl  variable*. — Decides  Ihe  obvious  contribution  of  occupation, 
significant  differences  of  DDT  and  DDK,  hilt  not  for  dieldrin  have 
lieen  associated  in  fat  and  blond  with  sex,  race,  age,  and  socioeconomic 
variables. 

Srs  (tiffanur*. — Insofar  as  DDT  and  its  met ol>ol it cs  are  concerned 
whereas  some  investigators  have  found  a significant  association  of 
residues  with  sex,  others  have  failed  to  find  any  differences,  and  others 
again  have  found  in  the  Xegro  nice  only.  Tims,  |>nsitive  association 
of  DDT  residues  with  males  was  demonstrated  in  adipose  suneys  by 
Washerman,  M.,  et  al.,  1005;  Dale,  W.  K.,  et  ah,  1905;  ltobinson,  »T., 
et  ah,  1905;  Kang,  K.  1\  et  nh,  1951 ; Hayes,  \V.  >h,  Jr.,  et  ah,  1058; 
Davies,  »T.  K.,  et  ah,  1909*.  IIKOD  or  dieldrin  residues  showed  no  sex 
differences  in  the  tTiitcd  States  (Kdnumdson  W.  K.,  et  ah,  1908; 
Hoffman,  W.  S.,  et  ah,  1007),  but  in  four  surveys  in  the  Tinted  King- 
dom higher  levels  of  dieldrin  were  oliscrvcd  in  males  than  females 
(Kohinson,  J.t  et  ah,  1005;  Hunter,  (\  (*.,  et  ah,  1903;  Kgan,  II.,  et 
ah,  1005;  A hi  nit  (,  1).  (\  et  ah,  1008),  The  reason  why  some  surveys 
have  shown  this  association  and  other's  have  n<J  may  lie  reflective 
of  small  sample  size.  In  the  largest  survey  from  Ihe  Tinted  Slates 
of  America  provided  by  dala  from  the  human  monitoring  program, 
no  differences  due  to  sex  were  nliscrved  for  dieldrin  or  DDT  residues. 

Ethnic  (fi/fcrcncc*. — In  Israel  no  ethnic  differences  were  ol>scrved 
in  the  comparison  of  levels  of  DDT-dcrived  materials  from  adipose 
s|>ecimens  obtained  from  Ashekenar.ini,  Sephardim,  native  Israelis, 
Yemen,  ami  Indian  ( Wasserman,  M.,  et  ah,  1007).  In  contrast,  in  the 
Tailed  Stales,  levelsof  DDT-dcrived  materials  were  signfienntly  high- 
er in  nouwhites  than  in  whites.  This  has  l^een  seen  Ixrth  in  Mood  and 
far  from  community  i>esticide  studies  in  California  ami  Florida,  and 
from  studies  in  Chicago  (Hoffman,  \V.  S.,  et  ah,  1007);  in  the  data 
from  Ihe  monitoring  program  l*>th  for  the  fiscal  years  of  1907  and 
1%*,  residues  of  DDT  were  significantly  higher  in  the  Xegro  than  in 
flic  white.  In  I lie  Hawaiian  community  j>csticide  studies,  residues  of 
DD  T were  no  higher  in  residents  of  ('aucivdan  decent  than  in  native- 
Imrn  lla^aiiansor  persons  of  Japanese  decent.  In  contrast  lo  DDT, 
no  race  diffciences  were  al«rvet|  for  dieldrin  from  NO  aiifopsie*  (44 
Xegro)  from  ]>ersons  accidentally  killed  in  Dade  ('minty  in  1905-1007 
( Kdmumlson, W.  F.,et  nh,  1908)  though  inCliicagn,  Xegro  males  (tf:l) 
had  levels  of  HH('  significantly  higher  than  in  whites  <.‘H0)  (Hoff- 
man, \V.  S.,  et  ah,  1907),  At  the  present  time,  (lie  nuc  associated  dif- 
ferent nl served  for  DDT  *p|*ars  to  l*  unequivocal  and  is  confirmed 
by  data  from  flic  human  monitoring  program  for  1907  and  1908*  race 


associated  differences  for  the  other  ]>crsistent  pesticides  was  not  sug- 
gested by  these  data. 

Age  difference** — Most  adi|H>se  surveys  have  not  included  a sizable 
number  of  |>esticide  residues  from  the  younger  groups  so  that  informa- 
tion on  the  effect  of  age  lias  l»een  limited.  Where  surveys  have  been 
published  presenting  data  from  a significant  nuinltfr  of  younger  i>er- 
sons,  levels  of  DDT  residues  np|>eared  to  l>c  lower  in  children  under 
Id  years  than  in  the  older  age  groups.  This  is  shown  in  table  V from 
data  from  Israel  (Washerman,  M.,  et  ah,  1067)  and  from  south  Flori- 
da (Davies,  .1.  K.,  et  ah,  1068).  In  Israel  the  mean  total  DDT  in  fat 
from  71  children  was  10.2  p.p.m.  compared  to  18.1  p.p.m  for  183  )>er- 
sous  in  older  age  groups.  In  Florida  the  mean  was  5.5  p.p.m.  from 
white  children  under  5 years  old  ns  compared  to  8.1  p.p.m.  in  the  older 
age  group,  and  7.S  and  16.7  p.p.m.  respectively  for  the  Negro  j>opula- 
lion.  The  same  ol*ervutiou  was  noted  from  studies  in  Chicago  (Hoff- 
man) and  by  the  community  |>cst icicle  studies  re|>orts  from  Hawaii 
(Klemmer,  H.,  Hawaiian  community  pesticide  studies  progress  re- 
|>orts).  This  age  effect  was  not  seen  for  dieldrin  (Kdnmndson,  et  nh, 
10G8),  The  |>ositive  age  association  for  DDT  or  DDK  is  very  obvious 
for  t lie  United  States  of  America  from  the  nonwbite  imputation  in  the 
data  from  4,t>69  analyses  shown  in  figure  3.  When  these  data  were 
broken  down  into  Northern  and  Southern  States  the  age  effect  for 
DDT  residues  was  still  striking  for  the  Southern  States  but  less  ob~ 
vious  from  the  Northern  States.  Dieldrin  data  suggests  no  age  asso- 
ciation (fig.  4). 

Socioeconomic  difference** — Apart  from  the  effects  of  occupation, 
information  on  the  contribution  of  socioeconomi?  factors  to  human 
pesticide  residues  is  not  available.  The  association  of  greater  fat  and 
blood  levels  of  I)I)T-derived  materials  with  the  Negro  race  in  the 
United  States  is  striking  and  begs  for  interpretation.  The  most  plaus- 
iblo  explanation  would  attribute  this  to  socioe*x>nomic  factors  and 
would  incriminate  such  mechanisms  as  poor  housing,  inadequate  gar- 
bage collection,  deficient  window  screening,  all  furthering  the  multi- 
plication of  pests  and  the  need  for  greater  domestic  use  of  insecticides. 
Reasonable  though  this  hv|>othe$is  may  seem  this  point  in  limo  it 
is  still  conjectural  and  it  is  probably  too  premature  to  conclude  with 
any  certainty,  whether  such  differences  are  raw  associated  or  race 
dependent. 

The  eject  of  Recently  it  has  been  shown  that  residues  of 

DDT  and  its  metabolites  can  be  significantly  lowered  in  persons  taking 
phenotarbital  and/or  phenytoin  (Davies,  J.  K.,  et  a).,  !P6Pb).  It  is 
very  pro! able  that  the  future  will  see  a growing  body  of  knowledge 
on  the  potentiating  and  inhibiting  effects  of  drugs  on  pesticide  resi- 
dues, and  it  is  essential  that  the  possible  contribution  of  these  drugs 


be  assessed  in  nil  epidemiological  studies  wherein  pesticide  residue 
levels  in  disease  St  ales  are  l>eiiig  compared. 

Place  it  viable. — Since  arsons  occupationally  ex|>osed  to  )>estieides 
liave  liigner  values  of  DDT  residues,  it  is  not  surprising  that  general 
imputation  comparisons  also  show  differences  due  to  those  attributes 
of  place  which  arc  reflect;  e of  greater  pesticide  usage.  In  warmer 
climates,  |>csfs  are  more  of  a problem,  and  greater  levels  in  tropical 
and  subtropical  climates  would  lie  anticipated.  In  Kuroi>c,  residue  data 
of  DDT*derived  materials  were  shown  to  lie  higher  in  the  south  and 
east  (Robinson,  .1.,  1PG9)  and  in  the  Middle  Hast  and  Asia  highest 
levels  of  DDT  residues  writ*  seen  in  Israel  (Wasserman,  M.,  et  nl., 
1065;  Wasserman,  M.,  et  al.,  1967)  and  in  India  (Dale,  W.  K.,  et  al., 
10C5).  Figuics  5 and  6,  depicting  preliminary  data  of  the  prevalance 
of  DDTolerived  residues  and  dietdrin  from  22  Slates  in  the  am* 
tineulal  Vnited  States,  n\v  presented  on  a race  specific  basis  (Human 
Monitoring  Data,  fiscal  year  1963).  It  will  lx4  seen  that  if  Stales  are 
ground  according  to  their  mean  monthly  temjieraf  lire,  very  obvious 
differences  of  DDT  distributions  associated  with  the  mean  monthly 
teni|>eralure  liecome  apparent.  An  arbitrary  mean  monthly  tem|>era- 
tnre  of  56°  F.  was  taken  for  subdividing  t lie  Slates  into  low  or  cool 
temprntures  and  States  with  high  or  warm  lemiKTntnrcs,  In  the 
data  from  the  human  monitoring  program  of  adipose  residues  from 
4,165  white  ixtmuis,  the  mean  total  DDT  for  the  cooler  or  low  lemjicra- 
Imv  Stales  was  4 >5  p.p.m,  and  for  the  wanner  nr  higlier  Stales  t lie 
nice n was  9.*2 1 p.p.m.:  in  contrast  the  itieldrin  was  o, 13  p.p.m.  in  liotli 
areas  of  the  continent.  The  same  place  differences  were  noted  for  the 
Negroes.  From  adipise  residues  in  801  Negroes  t lie  total  DDT  was 
7. SO  p.p.m,  in  the  cooler  or  lower  teni|>cmlnre  Stales  and  14.37  p.p.m. 
in  the  wanner  or  high  tehijieinlure  States,  whereas  the  dieldrin  was 
U.14  p.p.m.  in  t lie  low  or  cooler  Stales  and  0.13  p.p.m.  in  t lie  high  or 
w armer  States. 

lime  variable.-^ On  an  individual  basis  Haves  demount i.  ed  that 
volunteers  in  various  groups  ingesting  daily  doses  of  DDT  ranging 
from  0.00*21  to  0.01  nig./kg./day  reached  a steady  state  of  storage  in 
fat  in  13.8  to  21.5  months.  Increased  storage  was  only  olisrrvnl  with 
increased  exposure  (Hayes*  W.  *1.,  el  nl.,  1950).  Extra (minting  from 
this  study  of  individuals  therefore  to  imputations*  we  would  ex|vi  I 
jieslicide  residue  levels  to  remain  constant  willi  age  if  the  exj*osnre 
did  not  change.  Thus,  age  data  on  pesticide  residues  can  provide 
information  on  societal  cipii librium.  If  there  is  no  increased  ex|iosntv 
to  DDT*  then  the  various  age  groti|>s  should  have  tlie  same  mean  DDT 
residues.  If  mean  levels  in  the  individual  quinqnenniuiiis  exhibit  a 
st epl adder  effect  then  t lie  concept  of  national  equilibrium  with  regard 
to  iiesticide  eximsure  must  tie  questioned.  As  has  been  mentioned*  age 


dependency  of  DDT  residues  lias  been  observed  in  Israel,  Chicago, 
Florida,  and  from  flic  human  monitoring  data  shown  in  figures 3 and  4. 
In  the  latter  figure,  increments  of  mean  DDT  residue  values  with  each 
age  group  can  be  seen  for  both  white  and  nomvhite  up  to  the  21-to*25* 
year  age  group  in  the  Southern  States.  Since  DDT  only  became  coin* 
mercially  available  in  1948,  the  DDT  age  of  our  society  today  is 
approximately  21  years,  we  would  ex|>ect  that  older  age  groups  would 
all  have  the  same  average  DDT  residues.  This  is  seen  in  the  Chicago 
and  Florida  data  and  is  suggested  from  the  human  monitoring  data 
for  the  United  States  of  America  1068.  Why  there  is  no  leveling  off 
in  the  nonwhite  age  group  is  not  clear  at  this  time,  but  since  the 
numbers  sampled  in  the  older  age  group  are  very  mucli  larger  than 
those  in  the  younger  age  group  this  apparent  steady  increase  may 
bo  an  artifact  due  to  the  small  numbers  in  the  younger  age  groups. 
Whatever  the  explanation  it  is  obvious  that  increased  monitoring  data 
in  the  future  would  clarify  the  secular  changes  of  DDT  tissue  resi* 
dues  in  onr  society. 

Discusston. — In  the  light  of  these  more  recent  data  concerning  the 
epidemiology  of  certain  persistent  pesticides,  the  data  should  be  used 
to  try  to  reappraise  existing  concepts  and  beliefs  related  to  national 
levels,  sources  of  pesticides  time  trends,  and  retried  associations  of 
certain  diseases  sucli  as  cancer,  hypertension,  and  liver  disease  with 
high  residues  of  DDT.  It  should  lie  stated  at  the  outset  that  the  epi- 
demiology of  DDT  and  dieldrin  appear  to  be  very  different,  with 
striking  associations  of  |*crson,  place,  and  time  lieing  noted  insofar 
as  human  DDT  residues  are  concerned  but  not  seen  with  dieldrin 
residues.  This  finding  sugests  that  for  dieldrin  it  is  relatively  simple 
to  s|>eak  of  national  levels  and  national  time  trends  since  large  and 
stratified  samples  do  not  ap|*ar  to  lie  necessary,  and  furthermore  the 
homogeneity  of  residues  supoil  the  concept  that  food  is  the  main  source 
of  residues  of  this  insecticide  in  man.  The  same  cannot  be  said  for 
DDT.  and  four  epidemiological  uses  of  DDT  residue  data  can  be 
reviewed  and  (piestioned  in  the  light  of  these  data  on  the  distribution 
of  DDT  residues  in  oursociety. 

I.  National  prevalence  and  international  comparisons:  Without 
demographic  stratification  and  an  appropriate  adjustment  for  the 
contribution  of  location  (including  tenijieraturc}  it  does  not  seem 
correct,  even  today,  to  sjieak  with  any  degree  of  confidence  of  the 
magnitude  of  national  prevalence  of  DDT  residues  in  man  in  the 
United  States,  Similarly  international  comparisons  are  really  not  very 
meaningful.  Only  when  sufficient  data  Incomes  available  from  various 
national  monitoring  programs  collecting  tissues  from  meaningful 
strata  of  healthy  populations,  selected  from  areas  which  are  reflective 


of  climatic  nncl  other  cnvimnmcntal  variables  of  ttiis  country,  we  will 
Ik»  able  to  describe  the  levels  of  1)I)T  in  man  in  the  United  States. 

2.  The  role  of  dietary  sources  of  |>crsiMcnt  pesticides  to  the  human 
l>ody  burden  tissue  load:  Several  investigators  have  concluded  that 
food  ix'siducs  of  DDT  arc  of  major  im|  toil  mice  as  sources  of  human 
residues  of  this  insecticide.  Fo<kI  is  stated  ns  contributing  SO  percent 
of  the  total  intake  of  DDT  (Unmplicll,  «!.  K,  et  ah,  IflCu).  Kvidcnce 
mi  parting  the  major  contribution  of  food  is  based  u|>on  feeding  ex- 
|>eriiiients.  The  marked  hctemgcncity  of  DDT  residues  of  t lie  various 
strntn  of  our  society  together  with  the  very  obvious  climatic  differences 
ol^served  in  hot  and  cold  ureas  of  flic  world  nix'  strongly  supportntive 
of  the  significant  contribution  of  nondietary  soiiixts  of  this  jiesticide 
to  the  lminan  Ixxly  burden.  Consider  the  Human  Monitoring  Data. 
.Mean  values  of  DDT  residues  in  fat  were  twice  ns  high  in  the  wanner 
Southern  States  than  in  the  north.  Xegio  levels,  which  were  twice 
as  high  as  whites,  demonstrated  the  same  geographical  delineation. 
Theoretically,  therefore,  three  possibilities  nunc  to  mind : 

(1)  Southern  |>orsons  eat  different  food  than  Northerner*.  This 
explanation  would  have  to  hold  good  for  white  and  blacks  alike  and 
would  have  toexplain  areas  outside  of  the  United  States. 

(2)  Food  residues  are  higher  in  the  south  than  in  the  north.  This  is 
unlikely  iKvausc  of  the  widespread  interstate  commerce  and  Ixrausc  of 
the  existing  food  monitoring  program. 

(3)  Food  may  lie  only  partially  enntributive  to  the  human  IxhIv 
burden  of  DDT  and  nondietary  snnreesof  DDT  may  make  up  as  much 
as  Aft  |>orefnt  of  the  total  Ixxly  burden  in  warmer  climates.  Now  what 
arc  tile  ]>ossihle  sources  of  this  nondietary  rontribnfanf ! The  amounts 
of  DDT  detect  od  in  air  and  water  are  present  in  very  small  nuict  lit  ra- 
tions, Air  sampling  techniques  of  j>cst icicle  residues  arc  however  still 
not  ent  irely  satisfactory  and  the  available  information  on  air  and  watei 
sources  of  ]«*stiride  is  very  much  less  than  what  is  known  in  the  case 
of  food, 

Sup|xutiveof  the  nondietary  contribution  to  laxly  burden  of  DDT 
is  the  data  fiom  Alaska.  Adijxisc  residues  fiom  Alaskan  eskiinos  for 
total  DDT  and  DDK  was  3.0  p.p.m,  and  2.2  p.p.m.  nsjxvtively  (Dur- 
ham,  \V.  ct  ah,  HHII).  The  eskirnns  ate  a predominately  native  diet 
shown  to  contain  little  or  no  DDT:  the  same  type  of  information  was 
observed  in  a study  of  nonambnlatory  institutionalized  patients  on 
a prolonged  fid*  feeding  gastrostomy  diets  wltose  diet  was  shown  to 
lie  virtually  free  of  DDT  residues:  adi|wtsv  residues  of  total  DDT- 
derired  material  and  DDK  were  1.-IT  p.p.m.  and  1.2*  p.p.m.  itsiw- 
tivcly  (Davies*?.  K.  et  ah,  HHW'). 
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In  a comparison  of  DDE  residues  in  blood  in  patients  taking  and 
not  taking  anticonvulsant  drugs,  nondrug  taking  controls,  both  white 
and  Negro,  more  than  10  years  old,  fully  ambulant  and  on  normal 
diets  and  having  similar  values  of  DDK  in  blood  to  those  observed 
in  the  normal  |x>pulat  ion,  exhibited  the  same  race  associated  differences 
in  spite  of  being  institutionalized  for  many  years.  The  persistence  of 
this  race  associated  difference  under  identical  environmental  conditions 
suggested  acquisition  of  DDE  levels  prior  to  institutionalization. 
Clustering  of  DDE  levels  shown  in  table  VI  has  l>een  observed  in 
families  in  Dade  County  and  suggested  that  it  was  the  home  condition 
which  contributed  to  the  level.  Thus,  the  role  of  the  place  variable 
reflected  environmental  exposure  acquired  early  in  life  and  from  the 
homo  environment.  To  explore  the  nondietary  source  of  DDT  of  the 
home  environment,  the  authors  carried  out  a small  ex|x*riment  using 
sentinel  cats  which  were  placed  in  homes  of  two  families,  representa- 
tive of  high  and  low  blood  residues.  The  sentinel  cats  were  fed  the 
samo  commercial  pot  food.  The  cat  placed  in  the  home  characterized 
by  high  DDE  levels,  acquired  a DDTblood  level  10  times  that  observed 
of  its  litter  mate  placed  in  a family  with  low  DDE  levels  The  explana- 
tion afforded  was  that  tho  cats  picked  up  soil  and  dust  in  the  home 
on  their  fur,  which  they  subsequently  consumed  in  the  process  of  clean- 
ing themselves.  The  data  from  this  study  suggested  that  dust  was  a 
significant  cotributant  of  nondietary  sources  of  DDT  in  the  home 
(Kdmundson,  W.  F.et  al.,  1069). 

Supportive  of  the  dust  concept  were  data  provided  by  Aldrich, 
F.  D.  et  al.,  1967-68,  in  the  Community  Studies  on  Pesticides  Project 
in  Colorado  (Progress  Retorts  No.  11  and  No.  15,  1967-68  res|>ec* 
lively) i Serum  concentrations  of  DDT  and  DDK  were  studied  in  70 
families  in  1966  and  1967  and  were  compared  with  values  of  this 
insecticide  in  soil  and  household  dust  collected  from  vacuum  cleaner 
bags.  Their  data  suggested  that  DDT  and  DDK  concentrations  in 
the  home  environment  in  random  household  samples  were  reflective  of 
the  serum  values  of  the  resident  families.  Household  dust  was  used 
ns  a single  index  reflective  of  the  ]>esticide  input  lo  the  home,  exclusive 
of  dietary  sources.  Again  in  1968,  using  20  families,  12  of  whom  were 
high  exposed  (one  member  of  the  family  l*ingoccu|*alionallv  exjwed 
to  pesticides),  the  study  was  rep  uted  and  once  again  a strong  associ- 
ation lietween  levels  of  DDT  and  DDK  in  Mood  in  the  house  dust  was 
demonstrated.  In  addition,  a strong  association  of  blood  levels  of  DDT 
and  DDK  in  husband  and  wife  of  exposed  families  was  demonstrated 
nnd  concentrations  were  higher  in  the  Colorado  winter  than  summer. 
Collectively,  therefore,  these  new  data  call  for  a reappraisal  of  the 


dominant  role  assigned  to  food  as  (lie  major  contiilmtant  of  IkxIv 
burden  residues  of  DDT.  Data  Midi  as  t heso  make  a strong  ease  for  t lie 
importance  of  pesticide  research  in  the  soil  and  dust  as  one  of  the 
sources  of  man's  contamination  of  DDT.  Whether  such  dust  is  con- 
taminated hy  translocation  of  particulate  DDT  from  remote  snnvos, 
or  from  1 lie  overenthusiuslic  use  of  this  insecticide  in  the  home  needs 
to  be  investigated. 

3.  Secular  changes:  Opinions  have  differed  as  to  whether  various 
national  residue  levels  were  on  the  increase,  stationary  or  declining* 
In  Canada,  two  surveys  in  1949-50  and  1000  (Head,  S.  1.,  uu\ 
McKinley,  W.  I*.,  1001:  llmwn,  It.,  1907)  suggested  levels  well? 
stationary  and  the  same  conclusion  was  reached  in  the  United  King- 
dom 1903-01  (Abbott,  1).  (\,  et  a!.,  1008)  and  1005*00  in  Israel 
(Wnsseiniaii,  M.  et  ah,  1005).  In  Great  Britain  levels  of  HIK1,  dieh 
drin  and  DDT  were  thought  to  have  drnp[>cd  and  1 1 KOI)  levels  were 
lower  in  19GS  than  in  an  earlier  survey  of  the  southeast  of  Kngland: 
(jninby  concludes  that  there  was  no  change  in  levels  in  the  United 
States  Utween  1000  and  11)01-0*2  (tjniiihy*  O.  K.  et  nh,  1905)  and 
Hoffman  slated  that  levels  of  DDTderived  materials  and  IIIIC  were 
lower  in  1PG4-60  in  Chicago  than  in  190*2-03  (Hoffman,  W.  S.  et  a]., 
1907).  Although  signilicant  race  and  sex  differences  were  described 
no  adjustment  for  these  variables  were  made  in  reaching  this  con- 
clusion. Qaife,  M.  L.  el  ah,  1907,  were  the  first  to  question  the  validity 
of  these  inferences  and  at  the  present  it  would  apjiear  that  the  que^* 
lion  still  remains  not  proven  Ixvause  of  strat ideation  weaknesses. 

4.  Pesticide  levels  and  disease:  Maier-Hode,  It.  (1001)  was  the  href 
to  explore  th*  association  of  residues  of  DDT  and  DDK  with  diseases. 
He  found  no  essential  differences  of  DDT  and  DDK  in  i 21  person? 
dying  of  cancer  and  39  |>erson?  who  died  of  other  diseases.  In  n statis- 
lical  survey,  using  the  standard  normal  variation,  and  comparing  the 
nonnal  and  abnormal  tissues  from  088  anlo|tsirs,  Hoffman  concluded 
that  there  was  no  significant  correlation  of  levels  of  DDK.  DDT,  and 
of  liexacychlorocyclolicxane  residues  in  fat  with  the  presence  or  ?diseiice 
of  abnormalities  in  the  tissues  ( Hoffman.  W.  S.H  ah,  1907).  However, 
altbougli  significant  differences  of  DDT  level?  due  to  sex  (approxi- 
mately half  of  the  samples  were  females)  and  rare  were  nWrvnl,  the 
authors  made  no  provision  for  these  variable?  in  determining  the 
significance  of  diffcreix*es  lietwecn  |iesticide  residue?  in  the  normal  and 
abnormal  tissues.  Others,  such  n?  Cnsarelt,  I#,  .1.  el  ah,  1908,  and 
Hadomski,  .1.  I*  et  ah,  1908  ha\e  found  association  of  high  levels  of 
DDT-derived  materials  with  several  patholn^'e*.  In  a study  of  44 
au(o|isiesUfls,irrlt,  I*  •?.  et  al.,  190s  noted  that  subjects  with  (lie  highest 
total  residues  in  tissues  were  those  with  evidence  of  emaciation,  a 
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variety  of  cancers,  nncl  extensive  focal  or  generalized  pathologic 
conditions  of  the  liver. 

Their  data  suggest  that  these  changes  might  l>e  the  consequence 
rather  than  the  cause  of  the  disease.  Radomski,  J.  L.  et  ah.  1068.  in 
comparison  of  adipose  and  liver  residues  of  DDT  and  its  metabolites 
hi  healthy  controls  (|>ersons  accidentally  or  violently  killed)  and 
persons  dying  from  diseases  of  the  liver,  the  central  nervous  system 
and  miscellaneous  pathologies  including  several  ty|>es  of  malignancies 
demonstrated:  (1)  A strong  association  of  DDT  residues  with  some 
central  nervous  system  pathologies,  carcinoma  in  different  tissues, 
l>oi*tal  cirrhosis  and  hy|>ertensioii  and  (2)  an  equally  strong  associa- 
tion of  these  |>esticide  residues  in  the  sick  with  histories  of  the  domestic 
use  of  insecticides.  In  discussing  these  npsultsthey  were  careful  not  to 
conclude  that  the  disease  association  was  causal  but  it  was  not  clear 
whether  the  domestic  use  of  insecticides  were  significantly  higher  in 
]>orsons  with  terminal  diseases  than  it  was  in  healthy  controls.  In 
addition,  they  failed  to  stratify  their  data  by  race  and  since  Gt>  percent 
of  the  control  |opulation  were  white,  the  differences  observed  could 
have  lieon  due  to  nice  associated  diffemiocs  if  the  disease  imputation 
was  largely  Negro. 

It  is  very  probable  tliAt  the  future  will  see  a steady  increase  of 
epidemiological  studies  invest igal ing  the  prevalence  of  human  |>osti* 
cide  residues  in  disease.  Problems  will  arise  as  to  whether  evaluations 
are  the  consequence  of  the  disease  itself,  or  the  drugs  lieing  used  to 
treat  the  disease  or  whether  they  arc  the  result  of  weight  loss  or  the 
I'onsequences  of  the  IkhIv's  inability  to  detoxify  chemicals  generally. 
All  such  inabilities  will  have  to  lie  discounted  liefore  causal  roles  can 
1)0  inferred.  DDT  has  recently  Ivcn  used  to  treat  nnconjugated  Dili* 
ruhinemia  l>eing  more  effective  than  phenobarbitone  in  promoting  and 
sustaining  enzyme  induction.  Knzyme  induction  and  lowering  of 
plasma  bilirubin  w as  first  observed  when  plasma  concer  trations  of 
1)1  )T  increased  ami  was  obviously  active  at  concentrations  of  200 
p.p.b. ; with  continued  DDT  medication  levels  reached  1,300  p.p.m. 
(Thompson,  H.  P.  II.  et  ah,  1060).  Plasma  levels  in  excess  of  200  p.p.b. 
are  frequently  oltserved  under  conditions  of  occupational  e.\|>osure  to 
DDT,  so  if  one  can  cxtra|>olafc  from  the  case,  there  may  le  significant 
liver  microsomal  enzyme  induction  under  these  circumstances.  While 
this  hepatic  res|>onse  is  reflective  of  detoxifying  mechanism,  and  is 
therefore,  in  one  sense,  an  ada|dive  phenomena,  the  consequences  may 
not  always  lie  l»eneficiah  Because  of  enzyme  induction  the  pharma- 
cologic responses  to  a wide  variety  of  drugs  (and  possibly  steroids) 
may  lie  significantly  altered  and  much  research  in  man  is  needed  in 
this  area  as  well  as  organochlorine  surveillance  in  blood  under  condi* 
t ions  of  ext  re  me  oecupat  ional  exposure. 
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Besides  being  useful  as  nn  epidemiologic  tool  in  studies  of  disease, 
the  tissue  residue  is  the  single  most  useful  expression  of  our  total  intake 
of  persistent  i>csticides.  Since  food  residue  levels  are  reflective  of  only 
part  of  our  |>estkide  intake,  it  is  more  necessary  than  ever  to  monitor 
our  environmental  health  by  studies  of  persistent  pesticides  from 
living  tissues  from  man  and  from  other  biological  sentinels  in  his 
environment.  Only  in  this  way  can  we  measure  the  prevalence  and 
secular  changes  of  these  i>ersistent  pesticides  in  onr  society. 


Tabu  III  .-~Hwnan  monitoring  xttrrry — Laboratory  finding*  oj  pent  id  dr  redd  or  Irrrlx  adipoxr  tixxor  xprdmenx*  fixed 
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Table  V. — Effects  oj  age  on  total  DDT  residues  in  adipose  tissue 


Couuntry 

Age  (years) 

No. 

Race 

DDE  X(p.p.mJ 
total  DDT 

DIeldrJn 

Israel  (Wasserman, 

0-9 

71 

No  differ- 

5.6 

10.  2 

M.  et  al.,  1967)'. 

ence. 

10-89 

133 

do 

9.9 

la  i 

Florida  (U.S.A.) 

0-5 

17 

White 

2.  8 

5.  5 

(Davies,  J.  E.  et  a]., 

64- 

90 

...do 

5.  5 

a 4 

1968. 

0-5 

17 

Negro 

4.  1 

7.  8 

64- 

35 

...do 

10.  8 

16.  7 

Florida  (U.S. A.) 

0-5 

14 

White 

0.  23 

(Edmundson,  VV.  F. 

64- 

88 

...do 

■ 23 

et  nl.»  1968). 

0-5 

15 

Negro 

. 21 

64- 

29 

. 20 
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Taulk  VI.  DDT  awl  DDE,  in  ppb,  in  whole  blood  oj  children  and  by 
family  unit,  in  a general  population  group,  Dade  County,  1968 


Arc  Race  and 
sex 

1)DT 

DDE 

Family 
X DDT 

Range  DDT 

X DDE 

Range  DDE 

1 m v/f 

a 75 

4.  33  ' 

2 nw/m.. 

19.  48 

IP.  63 

4 nw/f 

16.  27 

23.  52 

► 17.  34 

8 75-23.  75 

20.  71 

4.  33-39.  46 

5 nw/f 

18.  28 

20.  61 

6 nw/m.. 

23.  75 

39.46  j 

Area:  South  Miami. 

2 mv/f 

10.  96 

a 35 

3 mv/m.. 

21.  30 

11.  37 

12.83 

9.  17-81.  36 

4 nw/m.  _ 

9.  83 

7.  23 

9.  93 

7.  23-11.  67 

o n\v/m__ 

9.  17 

11.  G7  . 

Area:  Richmond  Heights. 

1 nw/m.. 

52.  97 

45.  81  ) 

1 

2 n\v/f 

4&  55 

43.  32  1 

\ 36-  17 

21.  58-52.  97 

3 nw/f 

21.  58 

14.62  1 

31.  63 

14.  62-45.  81 

5 nw/f 

21.  58 

22.  78  J 

1 

Area:  Homestead. 

2 nw/m... 

70.04 

69.42 

2 mv/m__ 

70.  55 

57.  15 

63.  9 

51.  11-70.  55 

54.  70 

37.  71-69.  42 

3 nw/m.. 

Area:  Goulds. 

51.  11 

37.  75  - 

2 nw/f 

5.  83 

4.  73  | 

I 

4 nw/m.. 

4.  58 

6.22  | 

0.45 

4.  58-  ft  07 

7.  5 

4.  ,1-11.  67 

5 nw/f 

9.  07 

11.  07  J 

1 

Area:  Richmond  Heights. 

4  w/m 

5  w/m 

7.  34 
<4.  02 

9.55  1 
6.  07  J 

| 3.  67 

<4.  02-  7.  34 

7.  81 

6.  07-  9.  55 

Area:  Homestead. 

2 nw/m.. 

<5.  85 

3.97  1 

L 7. 49 

<5.  85-  9.  13 

6.  75 

3.  97-  9.  53 

4 nw/m.. 

9.  13 

9.53  J 

1 

Area:  Richmond  Heights. 

5 w/f 

4.  02 

11.  74  1 

t 4.  74 

4.  02-  5.  47 

12.  79 

11.  74-13.  85 

6 w/f 

5.  47 

13.85  J 

[ 

Area:  Miami. 

3 w/m 

<2.  26 

2.48  1 

| 

4 w/f 

2.  68 

4.  03 

l 2.  57 

2.  18-  2.  68 

4.36 

2.  48-  6.  58 

G.__.  w/f 

Area:  Goulds. 

2.  18 

6.58  j 

I 
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FiguAe  4. — Comparison  of  human  adipose  residues  (ppm)  of  total  DDT  and 
dietdrin,  by  age  and  race  in  northern  and  southern  statcst  U.S.A.,  1068. 
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Figure  4. — Comparison  of  human  adipose  residues  {ppm)  of  total  DDT  and 
dtcldrln,  by  age  and  race  in  northern  and  tom  them  states,  U.S.A.,  JOGS.  ( rout'd) 

SOUTHERN  STATES 


Dj *1J^n  (fipb) 


T psol  DOT  (ppb) 


O 

ERIC 


AGE  GROUPS 


339 


Figure  6. — Adipose  residues  of  p,p'  DDE  (ppm),  dieldrin  and  total  DDT  in  general  population  VJS.A . human  monitoring  data 

fiscal  pear  JD6$. 
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Clinical  Cart  lie  port* 

Mortality  and  morbidity  *tudir*. — Oilier  studies  have  sougnt  to  ex- 
plore the  long  term  efforts  of  pestle  ides  on  man  by  comparison  of  mor- 
tality and  morbidity  in  population  groups  whoso  differential  pesticide 
exposure  is  measured,  not  by  residue  level,  but  by  reason  of  exposure 
variations  associated  with  person  (occupational  studies),  place  (ur- 
ban, rural  differences,  proximity  to  agriculture),  and  time  (incidence 
rates  per  and  post  1)1)T  eras,  summer,  winter  variations). 

Mortality  ntudif*. — One  of  the  only  comprehensive  reviews  of  mor- 
tality data  on  persons  occupationally  exposed  to  pesticides  is  the  retro- 
spective mortality  study  of  Florida  registered  structural  |)est  control 
workers,  who  by  law  bad  to  register  with  the  Florida  State  Board  of 
Health  beginning  1948  (Boorde  A Downes,  1969).  This  presents  mor- 
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tfllity  data  for  the  years  1948-05  made  up  of  more  than  20,000  person- 
years  of  observation  comparing  their  mortality  rate  trends  with  the 
rate  of  the  Florida  white  male  population  20  years  old  and  over.  The 
ago-adjusted  mortality  rates  of  this  single  occupational  group  showed 
a rising  death  rate  for  structural  |>cst  control  workers  against  a fairly 
stable  age-adjusted  rate  for  the  entire  j>opulation  (Figure  7).  It  should 
l>e  pointed  out  that  even  during  the  last  few  years  of  this  study,  the 
age-adjusted  rate  for  the  Florida  white  male  population  were  still 
somewhat  above  rates  for  pest  control  workers.  This  could  be  inter- 
preted as  an  improvement  in  the  quality  of  study  data  rather  than  a 
rising  death  rate  among  the  study  group. 

( Figure  7 is  on  p.  340.) 

On  the  other  hand,  a review  of  age  specific  rates  for  i>o$t  control 
workers  35-4-1,  the  group  with  the  most  years  of  observation,  shows 
they  have  a death  rate  in  excess  of  that  for  the  same  Florida  white 
male  ago  group.  Among  another  pivotal  age  group,  55-64,  age  specific 
death  rates  for  the  study  group  are  practically  on  the  same  level  as 
the  Florida  white  males  and  it  would  be  expected  that  the  general 
population  mortality  rates  would  significantly  exceed  rates  for  any 
supix)$cdly  healthy  occupational  group.  These  data  were  derived  from 
a mailed  questionnaire  survey  which  bad  a nonresjKmse  rate  of  32  i>er- 
cont.  An  intensive  followup  effort  in  one  county  suggests  the  mortality 
experience  of  the  nonrespondents  was  approximately  the  same  as  the 
respondents.  If  this  assumption  is  made  the  survey  suggests  that  long 
term  exposure  to  j)osticides  may  have  an  adverse  chronic  effect  on 
human  health  and  supports  the  need  for  continued  view  of  j>ossib1c 
health  hazards.  Comparisons  of  cans  s of  death  for  180  structural  |>ost 
control  workers  against  a matched  control  group  showed  no  significant 
differences  in  cause  distribution.  If  |>csticidcs  are  a health  hazard  and 
no  single  disease  entity  can  lie  demonstrated  as  being  casually  asso- 
ciated we  may  lie  dealing  with  a phenomenon  through  which  an  in- 
creased risk  of  mortality  exists  for  a whole  spectrum  of  diseases.  Such 
a situation  would  greatly  complicate  epidemiological  research  on  this 
subject.  From  nny  j>oint  of  view  additional  prospective  morbidity  and 
mortality  studies  are  required  to  prove  or  disprove  cause  and  effect 
relationship  lxdwcen  specific.  |>esticidcs  and  disease  classifications. 

Morbidity  effect n of  occupational  rjrpojw/r. — Numerous  morbidity 
surveys  have  Ixv  n conducted  in  workers  cxj>osed  to  a single  or  group 
of  jxsticides.  Tims,  for  the  orgn nophosphate  compounds,  the  health 
effects  of  occupational  exposure  for  the  following  pesticides  have  been 
described:  azinphos-methyl  (Simpson,  1065),  denieton  (Kagan  et  nh, 
1958),  dichlorvos  (Witter,  I960;  Grata  et  ah,  1963;  Funckes  et  ah, 
1963;  Stein  et  ah,  1066;  Znvon  A Kindel,  1966),  fenitrotbion  (Vandc* 
kar,  1065),  fenthion  (Taylor,  1903),  malatbion  (Grech,  1965)  methyl 
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demcton  (Asribekovn,  1063),  parathion  (Brown  & Bu3h,  1050,  Ingram, 
1951;  Kay  et  a].,  1952;  Lieben  et  nl.,  1953;  Simpson  & Beck,  1965; 
Davies  ct  nl.,  1065),  thiometon  (Rosivnl  & Rajnohn,  1001).  For  the 
carbamate  compounds:  carbnryl  (Best  & Murray,  1062;  Vnndcknr, 
1065),  3-isopropylphenyl  N'-methylcnrbnmnte  (Vnndeknr,  1005)*  For 
the  chlorinated  hydrocarbons:  DDT  (Krasnyuk,  1058;  Orteleo,  1058; 
Krasnyuk,  1004;  Quinby  et  nl.,  1005;  Laws  ct  nl.,  1067;  Edmnnd.ron 
ct  nl.,  I960*;  Edimmdson  et  nl.,  1069b;  Kdmnndson  & Davies,  to  bo 
published);  BHC  (Bogushevskii  & Burkntskayn,  1051;  Brzozwski 
et  nl.,  1054;  Burkntsknyn  et  nl.,  1050), chlorodnne  (Alvarez^  Hymnn, 
1953;  Fishbein  et  nl.,  1964),  dieldrin  mul  related  compounds  (Fletcher 
et  nb,  1059;  Hoogendnm  et  nl.,  1062,  1065;  Van  Rnnltc  et  nl.,  1070). 
p-dichlorobenzene  (Pngnotto  & Wnlkley,  1005),  dichlorocthnuc 
(Brzozowski  et  nl.,  1054),  trichlometlmne  (Frnnt  & Westendorp, 
1050).  For  combination  of  com|>ouiids ; Barnes  & Davies,  1051,  Princi 
& Spurbeck,  1051;  Fowler,  1053;  Sumerford  et  nl.,  1053;  Culver  et  nl., 
1050;  Brunux,  1057;  Hayes  et  nl..  1057;  Pnulus  et  n!.,  1957;  Quinby 
et  nl.,  1058;  Vengersknyn  et  nl.,  1059;  Wnssermnn  et  nl.,  1060;  Klluif* 
kovn  & Pospisil,  1001;  Lyubetskii  & Vengersknyn,  1001;  Kuprich, 
1001;  Stein  & Hnyes,  1004;  Davigunn  etnl.,  1005;  Hartwell  &Hnves, 
1050).  Tlio  results  of  these  health  surveys  can  be  discussed  under  the 
categories  of  orgAnophosphntes,  cnrbnmntes,  orgnuoclilorine  insect  i* 
cides  and  herbicides. 

Oignuophosplmtes — The  nrgauuphosplmte.s  particularly  pa  million, 
phosdrin,  and  TKPP  are  health  hazards  liecause  of  their  high  toxicity 
and  ease  of  absorption  by  ingestion  and  the  dennal  or  respiratory 
routes.  The  disease  they  produce  in  worker’s  mv  chiefly  acute  poison* 
ings,  Imt  may  in  addition  leave  sequelae  of  acute  intoxication  which 
are  probably  anoxic  sequelae.  However,  there  is  mi  additional  hazard 
to  workei-s  which  may  not  Ik*  recognized;  this  is  because  undue  ex* 
|K)smv  resulting  in  cholinesterase  iuliihition  from  elmmie  ex)>o?nre 
may  predis|>osc  the  worker  to  |K»isouing  when  lie  is  ex|>osed  subse- 
quently (to  an  cx|M>sure  not  rx|xvtcd  to  lie  noxious)  with  the  result  of 
clinical  signs  of  |>oisoniug.  Somewhat  similar  hazards  occur  when 
|r  stir  idea  in  plants  e.g.  orchards  build* up  slowly  from  re|>eatcd  spray- 
ing  with  icsidm  * of  orgauiphosplintes  to  the  |H>int  that  orc  hard  work- 
ers are  affected  gradually  by  dermal  or  respiratory  contact  with  tire 
plant  material  (Milby,  1964). 

Pont i nurd  long  term  ex|>osniv  to  organophosplmtes  np|>enr  to  have 
other  subtle  effects.  Kvidence  lins  Ikvii  presented  to  niter  rennl  tubular 
functions  ?n  n small  i>etventflge  of  workers  when  measured  by  phos- 
phorous realjsotqffion  tests  (Mann,  *T.  It.  et  al.,  1966).  These  findings 
were  attributed  to  renal  tubular  damage  from  the  metabolite  paranl* 
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trophenol.  A change  in  protien  metabolism  ns  indicated  by  a modest 
increase  in  amino  acid  levels  ns  measured  in  blood  serum  may  be 
reflective  of  liver  damage  or  more  probably  represent  an  adaptive 
lesponse  on  behalf  of  the  liver,  in  res}K>nsc  to  enzyme  induction 
ehanges  necessary  for  the  general  detoxification  of  pesticides 
(Davies,  J.  et  nl.,  1069;  Tocci,  l\  M.  et  al.,  1960).  In  other  studies, 
chronic  exposure  to  orgunopliosplmtes  wercennsidcred  to  produce  slow 
reaction  times,  memory  defects  and  to  cause  workers  to  become  in- 
creasingly irritable;  motor  or  sensory  defects  were  not  observed  but 
elect roenceplmtogmphic  studios  revealed  more  than  usual  incidence  of 
abnormalities  (Metcalf,  1069), 

Carbamate  Exposure — Cases  of  obvious  carbamate  poisoning  are 
uncommon,  and  are  not  usually  associated  with  occupational  exposure. 
Undoubtedly  many  intoxications  occur  but  these  are  usually  mild  and 
are  unreported  since  they  involve  workers  in  the  initial  stages  of 
exposure  to  these  chemicals  (inception  illness);  as  adaptation  oc- 
curs, symptoms  usually  subside,  Carbary!  (Sevin)  is  the  most  com- 
monly used  of  the  carbamate  insecticides  and  causes  few  problems  in 
the  course  of  application,  Haygon,R',  a longer  acting  carbamate  «*an 
produce  mild  toxicity  symptoms  os|>ecially  in  persons  spraying  the 
solution  under  conditions  which  predis|>osc  to  excessive  exposure 
(Vandekar,  1965;  Davies,  1068  (jtersomd  communication)).  In  mos- 
quito control  programs  small  domestic  animals  and  children  may 
Income  affected  by  the  concentration  of  the  clicniic  .1  in  the  house 
and  Iwome  ill  in  a similar  manner,  but  again  symptoms  are  mild  and 
temi>omry  anti  recovery  is  the  rule.  The  carbamates  have  a reversible 
inhibition  of  cholinesterase  so  that  lalmrntory  detc  imiimtions  must  be 
done  rapidly  and  interpreted  with  caution.  The  clinical  picture  of 
|K)isoning  by  carbamates  is  simitar  to  that  produced  by  the  orgauo- 
phosphates  lint  in  contrast  may  lie  made  worse  with  i-PAM  (Haves, 
1963). 

DDT  Studies — In  recent  study  of  35  men  with  cx|>ericnce  from 
11-19  years  in  a plant  producing  DDT  exclusively  (average  6 million 
UrsYmonth).  no  ill  effects  attributed  to  |)bV  were  observed  among 
the  workers  (I/nvs  et  al.,  1967),  The  fat  storage  levels  of  total  DDT- 
derived  materials  ranged  from  38-017  p.p.m,  ns  compared  to  8 p.p.m. 
for  the  general  imputation.  Scrum  values  of  total  DDT  were  also  high 
and  correlated  with  fr.t  values  ((r)r=O.G*).  A review  of  plant  rec- 
ords of  63  men  with  more  than  A year's  cxjHisuro  likewise  was  not  fruit- 
ful in  revealing  disease*  or  unusual  frequency  of  |>oisoning  due  to 
DDT. 

No  evidence  of  adverse  effects  was  seen  in  a study  of  40  workers 
in  DDT  formulating  plants  {average  work  duration  was  3.5  years 
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and  exposure  was  to  other  chemicals  ns  well)  (Ortelee,  1958),  nor 
was  disease  identified  in  a study  of  volunteers  who  were  fed  up  to 
35  ingins.  of  DDT  per  day  for  21  months  (about  200  times  the  normnl 
dietary  intake  of  0.0026  nig./kg./dny).  The  storage  of  DDT  (but  not 
DDE)  was  proportional  to  dosage  and  attained  a constant  level,  de- 
spite dosage,  after  1 year  or  more  (Hayes  et  al.,  1956). 

Elsewhere  in  a study  of  400  persons  exposed  to  orgnnochloriiie  pesti- 
cides it  was  suggested  that  these  workers  experienced  a higher  fre- 
quency of  cardiovascular  diseases  of  various  types  than  was  expected ; 
the  conclusion  was  reached  based  on  electrocardiographic  changes  in 
arsons  working  with  organocldorine  insecticides  (Krasynuk,  1964). 

The  Diene  Group — nldrin,dieldrin,endrin. 

Studies  have  been  reported  in  plants  manufacturing  these  insecti- 
cides. Seventeen  patients  (6  percent  of  the  work  force)  developed 
epileptiform  convulsions  (Hoogendam  et  al.,  1965).  Efforts  were  made 
*o  pinpoint  the  hazard;  these  were  nonin formative.  Potential  dermal 
exposure  by  estimation  of  dose  with  dermal  absorbent  pads  were  not 
considered  worthwhile.  Abnormalities  of  the  encephalogram  were 
demonstrated  in  the  cases;  these  were  always  temporary  and  were 
associated  with  specific  incidents  of  overex|>osure.  No  cases  of  penna- 
nent,  partial  or  complete  incapacity  were  recorded  and  no  claims  for 
compensation  were  filed.  Rates  of  sickness,  observation,  skin  sensitiza- 
tion reactions,  abnormalities  of  liver  function  tests  were  no  different 
in  300  workers  studied  than  in  the  nonpesticide  workers,  and  the  occur- 
rence of  epilepiiform  convulsions  in  the  17  cases  was  the  only  abnor- 
mality demonstrated.  A biologic  index  of  intoxication  (concentrations 
of  dieldrin  in  the  blood  of  15  /ig/100  g.)  appeared  to  be  the  threshold 
level  denoting  the  appearance  of  symptoms  of  intoxication  and  the 
procedure  was  recommended  both  ns  a diagnostic  test  and  a surveil- 
lance tool  (Brownet.nl.,  1064). 

One  of  the  same  investigations  carried  out  on  human  volunteer  ex- 
periment using  doses  representative  of  normal  adventitious  exposure 
(estimated  0.025  mg.m./day  and  occupational  exposure  0.21  mg.m. 
day)  for  18  months.  No  signs  of  ill  health  were  demonstrated  and  lab- 
oratory investigation  which  included  alkaline  phosphatase,  RRC  and 
plasma  cholinesterase,  KEO,  ECO  and  electromyographic  studies  were 
all  within  normal  limits.  Dieldrin  concentrations  in  blood  and  fat 
were  proportional  to  daily  dosage  and  were  up  to  10  times  greater  than 
general  population  levels.  There  was  no  significant  effects  on  tlie  total 
DDT  in  fat  nor  were  there  changes  in  the  DDE  levels  In  blood.  It  was 
concluded  that  dieldrin  in  doses  of  200  gg./day  were  without  effects  on 
humans  (Hunter  and  Robinson,  1967). 

In  another  study  of  71  men  of  which  49  were  production  workers 
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(in  ft  plant  manufacturing  dieldrin,  aldrin,  endrin  and  organophos- 
pliatcs)  no  meaningful  correlation  of  sick  leave  with  dieldrin  levels 
in  fat,  blood  and  urine  was  demonstrated.  Concentrations  of  dieldrin 
in  fat  reached  levels  more  than  19  times  the  level  of  the  general  popu- 
lation and  blood  levels  were  more  than  nine  times  greater  than  general 
population  blood  levels.  A correlation  of  levels  in  blood  with  total 
duration  of  exposure  was  demonstrated  and  blood  samples  were  rec- 
ommended for  monitoring  workers  (Iiftyes  and  Curley,  1968), 

Other  Chlorinated  Hydrocarbons — Other  chemicals  of  this  class 
have  been  suspected  of  causing  adverse  health  reactions.  Lindane  has 
been  incriminated  directly  or  indirectly  with  18  cases  of  blood  dyscra* 
sifts,  and  the  California  Hoard  of  Health,  and  more  recently  the  U.S. 
Department  of  Agriculture  have  passed  resolutions  recommending 
against  the  use  of  lindane  vaporizers.  There  is  an  admitted  lack  of 
technical  data  on  which  to  base  sound  regulations  but  the  suspicion 
that  lindane  is  a hazardous  chemical  (West,  1967) . A recent  unreported 
study  of  70  persons  highly  exposed  to  lindane  demonstrated  slight 
changes  in  blood  when  compared  to  matched  controls  (elevated  poly- 
morphonuclear, and  total  white  count,  and  slightly  reduced  creatinine) 
(Milby,  1069). 

In  ft  factory  manufacturing  phenoxy  chemicals  (the  herbicides — 
2-41),  2,4, 5 T)  a number  of  workers  were  found  to  have  hyperpigmen- 
tation  and  fragility  of  the  skin,  eruptions  on  exposed  areas  and  acne 
lesions.  Porphyria  was  observed  in  37  percent  of  the  20  workers  tested. 
It  was  ]>ostu1ftted  that  the  disturbed  metabolism  was  due  to  a toxic 
action  on  the  liver  by  one  or  more  different  chemicals  being  used  in  the 
factory  although  no  direct  relationship  1*4  ween  clinical  signs  as  the 
degree  of  chemical  exixvmre  was  demonstrated;  the  diseases  were  con- 
sidered to  l>e  the  result  of  individual  susceptibility  (Mleiberg  ct  al., 
1064).  Porphyria  lias  also  l)eeii  described  following  ingestion  of 
hexacliloroWiizene  (Schmid,  1960).  In  a group  of  250  agricultural 
workers  and  45  workers  engaged  in  crop  spraying  for  3 years  using 
2,4-1  >,  excessive  fatigue  was  re|>orted.  In  addition,  they  complained  of 
headaches, epigastric i pains,  anorexia  and  occasional  upper  respiratory 
tract  symptoms  and  several  demonstrated  impaired  taste  sensitivity 
(Fetisov,  1966). 

Apart  from  occurrence  of  overt  disease  as  expression  of  effect,  the 
Community  Pesticide  Studies  Program  of  the  thS.lMI.S.  is  currently 
imolvcdin  a 16  State  collaboration  research,  wherein  pros|icctive  mor- 
bidity data  is  being  collect cd  from  groujre  of  occupationally  ex]>osed 
workers.  Hie  incidence  of  disease  as  well  as  biocemical  differences  is 
Itfiiig  studied.  Although  as  yet,  no  correlation  of  data  is  available, 
an  impression  is  l>ciiig  gained  of  the  occurrence  of  certain  biochemical 


changes  in  occupationally  exposed  groups  when  compared  with 
controls. 

Thus,  from  Hawaii,  in  studies  of  69  persons  occupationally  exposed 
to  a wide  variety  of  pesticides,  significant  differences  in  hematocrit, 
whit© blood  count, serum  albumin,  alkaline  phosphatase,  potassium  and 
PBI  (protein  bound  iodine)  were  observed.  Gastrointestinal  disturb* 
anccs,  obesity,  diabetes,  thyroid  and  neurologic  dysfunctions  were  the 
principal  findings. 

In  Iowa  (Longet  al.),  demonstrated  significant •correlation  of  hema- 
tocrit, hemoglobin  and  prothrombin  values  with  high  pesticide  usage. 
Significant  correlations  were  found  between  total  pesticides  employed 
and  the  blood  uric  acid  and  bilirubin  1-mimite  values  (Long  et  ah, 
1969). 

Ill  Florida,  levels  of  certain  biochemistries,  reflective  of  kidney  or 
liver  function  changes  were  observed  in  67  persons  heavily  exposed 
to  pesticides  when  compared  with  healthy  normal  controls.  The  ex- 
posed  group  showed  unusually  high  levels  of  several  amino  acids, 
SCOT,  alkaline  phosphatase,  serum  osmolality  and  creatinine  (Tocci 
et  al.,  1069). 

Thus  by  interstate  collaborative  research,  changes  of  certain  bio- 
chemical parameters  arc  beginning  to  observe  in  large  groups  of  per- 
sons occupationally  exposed  to  |>esticid©s.  Several  notes  of  caution 
should  be  respected  with  these  types  of  findings.  Firstly,  differences  are 
mostly  within  the  normal  rouge  of  the  biochemical  parameters,  and 
thereby  arc  not  considered  pathological,  secondly,  associations  only  has 
1>cen  demonstrated  and  no  causal  inference  concluded,  thirdly,  criteria 
of  |>esticide  ex|x>sure  varies  from  State  to  Slate  and  uniform  methods 
of  degrees  of  (wsticide  ex|>osiiro  I >e tween  States  is  difficult  if  not  im- 
j'ossiblo  and  lastly,  some  of  the  biochemical  changes  observed  may  be 
adaptive  or  compensator  rather  than  reflective  of  an  adverse  health 
effect  so  that  changes  rather  than  disease  entiles  are  being  re|>ortod. 

In  concluding  the  section  of  review  of  studies  of  the  occupational 
ex|>osed  group,  an  illustration  of  the  epidemiologic  worth  of  such 
studies  can  be  seen  from  the  findings  of  a medical  survey  of  |>crsons 
working  with  aldrin  and  dioldrin  (Jager,  1969). 

In  this  excellent  study  of  820  plant  employees,  detailed  morbidity 
data  are  presented  on  238  persons  representing  1,728  years  of  exposure 
to  aldrin  and  dieldrin  including  significant  data  on  exposure ; diseases 
included  glomerulonephritis  (1)  peptic  ulcers  (8)  nephrolithiasis  (4) 
ischaemic  heart  disease  (2)  reticulosArcoma  (1)  carcinoma  of  the 
stomach  (1)  and  glioma  (1).  In  addition,  an  intensive  medical  survey 
of  highly  exposed  workers  revealed  no  significant  incidence  of  any 
disease  occurring  in  the  plant  when  compared  with  findings  from 
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employees  less  exposed  in  the  plnnt.  Thus,  the  data  supported  the  con- 
cept that  hazards  of  working  with  pesticides  were  slight.  However, 
interpretation  of  the  incidence  rates  of  the  above  mentioned  diseases 
which  were  seen  to  occur,  is  difficult  and  calls  for  comparison  with  in- 
cidence rates  of  the  general  j>opii1alion.  If  our  interest  is  the  investi- 
gation of  diseases  with  long  incubation  periods,  sucli  as  cancer,  then 
this  approach  will  have  to  l>e  followed  in  future  studies.  The  problem 
of  tracing  dropouts  is  also  exemplified  and  demonstrates  the  ease  of 
using  occupational  studies  ns  measures  of  occupational  risk,  but  the 
complexity  of  such  studies  when  used  to  extra|>olate  as  to  health  effects 
of  the  pesticide  exposure  of  the  general  population. 

Miseetfoncous  general  population  xtudic*.—  ' The  literature  contains 
examples  of  severnl  studies  which  have  explored  place  and  time  vari- 
ables as  |>ossib1o  indications  of  greater  pesticide  exposures.  Thus,  in- 
creases in  up|K?r  respiratory  diseases,  including  asthma,  sinusitis  and 
bronchitis  have  been  associated  with  the  gtx’atcr  domestic  usage  ot 
pesticides  in  Hawaii  (Weiner  and  Worth,  1900).  Because  of  the  lindane 
findings  due  to  neoplasia  by  lymphatic  and  hematopoietic  tissues  and 
aplastic  anemia  in  Kern  County  were  compared  with  the  total  Cali- 
fornia experience  (Mengle  ct  ul.,  106T).  No  significant  differences 
were  observed  in  these  two  areas.  Ganelin  has  explored  the  effects  of 
incidental  exposure  to  pnrnthioii  on  the  general  population  and  asth- 
matics (Ganelin  et  al.,  1904).  Their  data  suggested  that  the  effects  of 
such  incidental  exjiosiiK'  was  negligible. 
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Conclusion  and  recommendations , — An  epidemiologic  appraisal  of 
the  total  health  effects  of  pesticides  occurring  under  the  categories  of 
acute,  general  population  and  occupationally  exposed  recognizes  the 
adverse  health  effects  or  areas  of  uncertainties  in  all  three  exposure 
situations.  Recommendations  are  suggested  with  the  intent  of  pre- 
venting these  adverse  effects  or  in  the  hope  of  obtaining  greater  infor- 
mation in  those  areas  where  gaps  in  our  knowledge  seem  to  exist. 
The  summation  of  the  findings  resulting  from  acute  pesticide  ex- 
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posure  indicate  that  in  the  United  States,  the  main  offenders  are  the 
more  toxic  of  the  orgauophosphntes.  More  poisonings  can  be  expected 
with  greater  usage  of  tins  group.  Children  and  adults  are  the  two 
different  population  groups  involved.  The  former  reflect  the  readily 
reachable  chemicals  in  the  home.  Their  prevention  is  dependent  upon 
such  factors  ns  the  better  public  awareness  of  their  hazards,  improved 
legislation  prohibiting  the  more  toxic  members  from  borne  use,  indtis* 
trial  improvements  in  packaging  and  labeling,  and  in  the  case  of 
roach  baits,  substitution  of  the  more  toxic  baits  by  less  toxic  but  equally 
effective  substitutes. 

Disregarding  the  suicide  comimnent  of  pesticide  intoxications,  adults 
are  most  frequently  poisoned  accidently  in  the  home  or  while  at  work. 
At  home  the  problem  is  often  the  result  of  storage  in  improper  con* 
tainers  and  the  answer  again  is  a better  awareness.  Occupationally, 
the  pesticide  industry  demonstrates  a steady  improvement  with  re* 
gnrd  to  acute  poisoning.  11m  virtue  of  protective  clothing  and  other 
protective  devices  have  been  well  disseminated — the  dangers  often 
resulting  from  the  employment  of  transient  laborers,  such  as  high 
school  students  on  their  summer  vacation,  or  workers  who  cannot  read 
or  do  not  understand  the  nature  of  the  toxicity  of  the  chemicals  with 
which  they  are  working.  There  is  great  need  for  field  investigation  of 
the  more  serious  cases  and  facilities  are  suggested  for  better  investi- 
gation, documentation,  and  reporting  of  such  events.  An  areawide 
pesticide  protection  team  is  suggested  to  this  end,  whose  members 
would  be  drawn  from  representatives  of  the  local  health  departments, 
the  country  agricultural  agent  and  a representativeof  Fish  and  Wild- 
life. Episodes  of  human  and  wildlife  poisoning  would  be  investigated, 
In  addition,  advice  and  recommendation  toward  the  design  and  dis- 
posal of  containers,  occupational  aspects  of  safe  handling  of  pesticides 
would  be  promoted. 

In  the  area  of  occupational  exposure  two  conclusions  can  be  reached, 
The  first  relates  to  surveillance.  With  improved  technology  the 
occupational  hazard  to  the  worker  is  decreasing.  Cholinesterease  test- 
ing is  known  to  prevent  overt  and  detect  incipient  toxicity.  In  man- 
ufacturing situations,  formulation  and  antimalarial  spraying,  clin- 
ical surveillance  against  organochlorino  toxicity  or  excessive  exposure 
is  now  practicable  and  probably  worthwhile;  particularly  is  this  so 
with  dieldrin  and  could  be  extended  to  DDT  surveillance.  In  view  of 
the  possible  consequences  of  enzyme  induction  in  situations  of  extreme 
exposure  to  DDT,  a ceiling  for  DDT  blood  levels  might  be  determined 
if  significant  enzyme  induction  is  demonstrable  and  proved  harmful. 
The  second  conclusion  relates  to  future  research  in  this  area  and  is 
based  upon  the  findings  of  the  increasing  age-adjusted  mortality  rates 
observed  in  structural  pest  control  operators.  These  findings  together 


with  the  information  of  abnormal  chemistries  from  several  of  the 
Community  Studies  Programs  warrant  continued  intensive  clinical 
and  biochemical  surveillance  of  selected  groups  of  high-exposed  oesti- 
cide  operators.  The  main  function  of  such  investigations  would  serve 
to  determine  whether  a chronic  occupational  hazard  exists  from  ex* 
Insure  tocetrain  selected  pesticides. 

Insofar  as  the  general  population  is  concerned  three  recent  events 
have  occurred  which  have  prompted  a resurgence  of  public  concern  of 
the  health  effects  of  the  persistent  pesticides  on  mankind  and  his  en- 
vironment. The  first  of  these  was  the  occurrence  of  obvious  adverse 
ecological  effects  of  pesticides  on  certain  predator  birds  and  the  high 
levels  in  certain  fish  (Coho  salmon).  The  second  stems  from  the  dem- 
onstration of  enzyme  induction  by  DDT  and  the  uncertainty  of  the 
human  consequences  of  the  adaptive  mechanism.  The  third  is  the  re- 
cent findings  of  the  Bionetics  report  (Innes,  J.  B.  M.  et  al,  1060) 
wherein  carcinogenic  potential  of  DDT  and  several  other  insecticides 
has  been  demonstrated  in  mice. 

This  review  of  the  literature  on  the  effects  of  incidental  exposure 
to  persistent  pesticides,  and  to  DDT  in  particular,  indicate  that  the 
only  certain  demonstrable  effect  of  this  exposure  in  man  is  the  tissue 
residue.  What  the  data  also  suggests  is  that  we  do  not  fully  understand 
the  epidemiology  of  these  levels  and  perhaps  that  some  of  the  several 
assumptions  that  have  been  made  need  to  be  reappraised.  Thus,  the 
significantly  higher  levels  of  DDT-derived. residues  in  the  Negro  in 
the  United  States  necessitates  a deevaluation  of  conclusions  which 
did  not  adjust  for  this  difference;  without  straification  we  cannot  de- 
scribe the  average  residue  level  in  the  country.  The  age  association  of 
levels  of  DDE  in  all  age  groups  certainly  requires  further  investiga- 
tion and  explanation.  The  geographical  stratification  conflicts  with  the 
concept  of  the  dominant  role  of  dietary  sources  of  DDT.  If  nondietary 
sources  are  of  significant  consequence,  then  monitoring  of  human  resi- 
dues will  assume  as  great  an  import  tnce  as  food  monitoring  for  these 
biological  residues  are  the  most  important  expressions  of  the  magni- 
tude of  the  environmental  contamination.  Finally,  there  appears  to 
be  so  many  areas  which  require  further  investigation  and  exploration, 
and  since  in  the  United  States  we  have  no  need  to  use  as  much  DDT 
and  as  indiscriminately  as  we  have  done  so  in  the  past,  few  will  ques- 
tion the  merit  of  striving  to  reduce  or  at  least  contain  the  amount  of 
human  and  animal  contamination  that  results  from  this  insecticide. 
Research  endeavors  in  all  areas  which  strive  to  further  the  reduction  of 
this  environmental  contamination  seem  warranted  and  timely,  and  it 
should  not  be  necesary  to  have  to  wait  for  proof  that  the  exposure  is 
harmful  before  some  action  is  taken. 
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Clinical  case  reports 

In  the  past  25  years,  thousands  of  reports  of  human  illness  ap- 
parently caused  by  pesticides  have  appeared  in  the  medical  literature 
of  dozens  of  countries.  An  effort  has  lieen  made  here  to  organize 
representative  examples  of  this  vast  body  of  information  in  a coherent 
way.  Where  possible,  findings  have  been  critically  assessed,  and  those 
which  appear  scientifically  tenable  have  been  arranged  according  to 
the  human  organ  system  which  seemed  most  affected,  or  according 
to  a disease  entity  or  syndrome  when  that  was  more  appropriate. 

Case  reports  in  which  pesticides  arc  implicated  typically  describe 
clinical  observations  of  an  individual  patient  (occasionally  more  than 
one),  pathological  findings,  etiology  or  causal  relationships,  and  a 
regimen  of  treatment  and  its  outcome. 

Whenever  information  permits,  a consideration  of  dose-response 
relationships  is  included  here.  However,  cluiical  case  reports,  by  their 
very  nature  rarely  provide  an  opportunity  for  clear  documentation 
of  exposure  factors.  Characteristically,  the  patient  does  not  seek  medi- 
cal attention  until  his  illness  is  overtly  manifested  and  he  often  is 
unable  to  relate  how  much  toxin  was  ingested,  inhaled,  or  absorbed 
or  to  accurately  reconstruct  the  events  leading  to  the  poisoning. 

The  clinical  picture  of  acute  pesticide  intoxication  may  vary  in 
severity  l’rom  quite  mild  to  critical  or  even  fatal.  Depending  upon  the 
agent  involved,  the  diagnosis  may  be  clear-cut  or  may  be  exceedingly 
difficult  to  firmly  establish.  The  diagnosis  is  often  most  difficult  in  the 
case  of  mild  to  moderate  acute  poisoning  by  the  organochlorine  group 
of  insecticides.  This  is  particularly  true  when  exposure  factors  are 
not  well  documented.  The  criteria  upon  which  a diagnosis  of  organo- 
chlorine intoxication  may  be  convincingly  based  are  not  clearly  estab- 
lished. Marked  elevation;  in  serum  organochlorine  levels  with  or 
without  alterations  in  eiectroencephalographic  patterns,  if  present, 
may  provide  the  only  objective  clinical  evidence  of  chronic  poisoning. 
Subjective  evidence  such  as  irritability,  insomnia,  anorexia,  head- 
ache, nausea,  malaise  may  be  extremely  difficult  to  evaluate  in  instances 
of  low  level  organochlorine  exposure. 

Because  of  these  diagnostic  complexities,  improv'd  or  specious  post 
hoc , ergo  propter  hoc  associations  attributing  human  illness  to  pesti- 
cide exposure  are  not  uncommonly  encountered  in  both  the  lay  press 
and  the  scientific  literature.  Errors  of  omission  may  be  equally  as 
serious  as  errors  of  commission.  The  reporting  physician,  for  example, 
may  have  failed  to  study  some  organ  system,  such  as  the  central  or 
peripheral  nervous  system,  thereby  failing  to  observe  nnd  report  a 
response  which  did,  in  fact,  occur.  Once  errors  of  either  commission 
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or  omission  find  their  way  into  print,  they  are  often  exceedingly 
difficult  to  correct. 

Effects  on  the  nervous  system . — It  is  evident  from  the  acute  effects 
of  chlorinated  insecticides,  orga nophosplmte  and  carbamate  insecti- 
cides on  mammals  that  these  compounds  exert  their  characteristic 
toxicity  by  affecting  the  nervous  system.  There  is  evidence  of  both 
peripheral  and  central  effects. 

The  nervous  system  effects  of  acute  DDT  poisoning  have  been 
reviewed  by  Hayes  (1059)  in  an  extensive  treatise  on  that  compound 
and  von  Oettingen  (1955)  has  reviewed  these  effects  for  most  of  the 
chlorinated  insecticides  in  his  book  on  the  halogenated  hydrocarbons. 
Koello  (1963)  has  edited  an  extensive  volume  on  the  effects  of  anti- 
cholinesterase on  the  nervous  system  and  both  Heath  (1061)  and 
O’Brien  (1060, 1067)  has  each  published  a book  on  this  subject.  How- 
ever, there  is  no  review  on  the  nervous  system  effects  of  low-level 
prolonged  exposure  to  insecticides.  This  is  primarily  due  to  the  fact 
that  there  are  very  few  publications  to  be  reviewed  in  this  area. 

Chlorinated  hydrocarbons:  There  is  extensive  evidence  that  the 
acute  action  of  chlorinated  insecticides,  particularly  DDT,  can  be 
detected  under  certain  conditions  in  the  cerebrum,  cerebellum,  brain- 
stem, spinal  cord,  and  peripheral  nerves  (Bromiley  and  Bard,  1040; 
Shankl and,  1904).  Thus  the  acute  poisoning  effects  of  these  com- 
pounds appear  to  be  a diffused  nervous  system  effect  thought  to  be 
caused  by  interference  with  nerve  impulse  conduction  and/or  trans- 
mission. Acute  DDT  poisoning  is  characterized  at  the  onset  by  marked 
paresthesias  of  the  tongue,  lips,  and  face,  along  with  malaise  and 
headache.  In  more  severe  poisoning,  paresthesia  may  extend  to  the 
extremities.  Ingestion  of  large  doses  is  followed  by  vomiting  with  or 
without  diarrhea.  Disturbances  of  equilibrium,  dizziness,  confusion 
and  tremor  soon  follow.  In  very  severe  poisoning,  convulsions  may 
appear.  Blood  pressure  and  temperature  remain  essentially  normal. 
Except  in  the  most  severe  cases,  recovery  is  near  complete  within  24 
hours.  However,  residual  weakness  has  persisted  for  5 or  more  weeks 
after  severe  intoxication.  A number  of  deaths  have  followed  ingestion 
of  DDT  in  solvent  solutions,  but  there  appears  to  be  no  well-described 
fatal  case  of  DDT  poisoning  uncomplicated  by  other  pesticides  or 
solvents. 

Epidemiologic  searches  for  chronic  DDT  effects  have  been  carried 
out  with  negative  results  in  the  Northwest  (Sumerford,  1053;  Hayes, 
1957;  Hayes,  1958;  Durham,  1964;  Durham,  1965),  the  Southwest 
(Hartwell,  1965;  Rappolt,  1068),  the  Southeast  (Fowler,  1053;  Hayes, 
1955;  Quinby,  1958;  Ortelee,  1058;  Witter,  1950;  Hayes,  1965;  Davies, 
1966;  Fiserova-Bcrgerova,  1967;  Davies,  1968)  in  Hawaii  (Casarett, 
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1068),  in  Alaska  (Durham,  1061),  and  in  the  United  States  (Hayes, 
1063;  Hayes,  1058;  Dale,  1063;  Durham,  1065a;  Durham,  1065b;  Foter, 
1066).  These  studies  have  been  summarized  recently  (Hayes,  1967; 
Hayes,  1069).  Human  volunteer  studies  involving  DDT  are  described 
elsewhere  in  this  report  as  are  epidemiological  studies  of  workers  ex- 
posed to  DDT  in  the  course  of  their  occupation. 

Kudrin,  chlordane,  heptachlor,  heptachlor  epoxide  and  toxaphene 
also  bring  about  increased  excitability  of  the  nervous  system,  as  seen 
with  DDT.  The  rapidity  of  onset  of  symptoms  and  signs,  and  the 
duration  and  severity  of  effects  varies  from  one  compound  to  another. 

Orgnnophosphntes:  The  effects  of  the  organophosphorus  com- 
pounds are  principally  attributable  to  their  ability  to  inactivate  certain 
enzymes,  the  most  important  of  which  are  the  cholinesterases  (See 
section  on  Enzymes) , 

Systemic  effects . — In  dosages  sufficient  to  produce  systemic  manifes- 
tations, the  clinical  picture  of  orga nophosphorus  intoxication  is  de- 
pendent upon  the  route  of  exposure  and  rate  of  absorption  as  well  as 
upon  the  chemical  nature  of  the  organophosphorus  compound  involved. 
Both  topical  and  systemic  effects  may  occur,  but  frequently  only  the 
systemic  effects  can  be  observed. 

Initial  signs  and  symptoms  of  intoxication  are  headache,  nausea, 
abdominal  pain,  vomiting,  diarrhea,  sweating,  and  weakness.  In  mod- 
erate to  severe  cases  of  poisoning,  there  may  also  be  salivation,  lacrima- 
(ion,  dyspnea,  cyanosis,  muscle  foseiculation,  convulsions,  cardiac 
arrhythmias,  shock,  coma,  and  death.  Death,  when  it  occurs  is  usually 
due  to  respiratory  failure. 

At  least  one  organophosphate  pesticide,  Isopestox  (Mipafox)  (bis- 
isopropylamido  fluorophosplmte)  1ms  been  diown  to  be  capable  of 
causing  demyelination  of  peripheral  nerve  fibers  with  resutlant  neuro- 
pathy (Bidstrup,  1953).  This  compound  has  not  been  used  in  the 
United  States.  Scattered  reports  are  available  which  suggest  that  two 
of  the  more  commonly  used  organophosphate  compounds,  parathion 
(Petry,  1951)  and  malathion  (Petty,  1958)  may  also  be  capable  of 
causing  peripheral  europathy.  The  evidence  cited  in  these  reports  is 
not  convincing.  Furthermore,  if  these  two  widely  used  compounds 
were,  in  fact,  neurotoxic,  it  would  be  reasonable  to  expect  that  over  the 
years,  a multiude  of  cases  of  neuropathy  would  have  been  reported 
and  attributed  to  them.  That  this  has  not  been  the  case  strongly  sug- 
gests that  the  original  allegations  were  incorrect. 

Topical  effects . — Skin — Contamination  of  the  skin  by  organophos- 
phorus pesticides  may  produce  localized  sweating,  erection  of  hair,  and 
fibrillation  of  the  muscles  underlying  the  exposed  area  (Hayes,  1964). 
For  additional  information  on  the  effects  of  organophosphorus  com- 


points  on  the  skin,  the  reader  is  referred  to  the  special  report  on  Cu- 
taneous Sensitization. 

Eye— Contamination  of  the  eye  by  organophospliorus  pesticides 
produces  miosis,  loss  of  accommodation,  headache,  eye  pain,  dimness 
of  vision,  nausea  and  vomiting,  conjunctival  edema  and  hyperemia, 
rhinorrea  and  nasal  congestion  (Grob,  1953).  When  the  miosis  is  uni- 
lateral, there  is  also  a loss  of  kinetic  but  not  static  depth  perception 
(Upholt,  1956).  More  detailed  considerations  of  the  effects  of  organo* 
phosphorus  compounds  on  the  eye  are  presented  in  section  on  the 
eye. 

Pulmonary — A discussion  of  the  local  effects  of  organophospliorus 
compounds  on  the  traeheo-bronchinl  tree  and  lungs  will  be  found  in 
the  Section  of  this  report  on  the  respiratory  system. 

Gastrointestinal — The  local  effects  of  organophospliorus  com- 
pounds on  the  gastrointestinal  tract  have  not  been  clearly  described, 
probably  because  these  effects  are  obscured  by  systemic  manifestations 
resulting  from  gastroenteric  absorption  of  the  toxicant.  In  cases  of 
ingestion  of  massive  amounts  of  direct  cholinesterase  inhibitors,  death 
or  recovery  with  reactivation  antidotes  occur  so  quickly  that  clinical 
evidence  of  local  effects  on  the  gastrointestinal  tract  are  difficult  to 
recognize.  However,  after  ingestion  of  organophospliorus  compounds 
which  are  slower  enzyme  inactivators  such  asdiazinon  or  malnthion,  it 
may  be  possible  to  distinguish  the  explosive  and  uncontrollable  diar- 
rhea that  persists  during  chloinesterasc  reactivation  therapy.  Such  un- 
controlled diarrhea  often  persists  for  some  time  after  the  other 
systemic  signs  and  symptoms  have  been  controlled  by  treatment. 
Sloughing  of  the  intestinal  mucosa  lias  also  been  observed,  however, 
this  may  be  due  to  the  effect  of  the  solvent  in  which  the  pesticide  is 
formulated  rather  than  to  direct  chemical  damage  from  organophos- 
phorus  compound  (Quinby,  unpublished  data) . 

Carbamates  and  carbamoyl  oximes:  Many  of  the  carbamates  are 
rapid  but  reversible  inactivators  of  cholinesterase  and,  as  such,  may 
produce  serious  human  intoxication.  These  compounds  may  also  affect 
the  eyes  and  the  mucous  membranes  of  the  mouth  and  throat  topically 
in  a manner  similar  to  organophosphate  compounds.  (Babione,  1966; 
Quinby,  unpublished  data). 

Field  tests  with  Baygon  (2-isopropoxyphenyl  N-methylcarbamate), 
carried  out  in  Nigeria  and  Iran  resulted  in  overt  poisoning  among 
applicators  and  residents  alike  and  indicated  that  clinical  manifesta- 
tions of  intoxication  correlate  poorly  with  both  red  blood  cell  and 
plasma  cholinesterase  levels  in  the  stricken  individual  (Vandekar, 
1965;  Vandekar,  1968).  Carbaryl  (1-Naphthyl  N-methylcarbamate) 
has  also  caused  poisoning  among  workers  (Hayes,  1963  Clinical 
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Handbook).  Teniik  {2-Methyl -2- (methylthio)  propionuldhyde  O- 
(metliylearbamoyl)oxiiue)  caused  a near  fatal  case  of  fulminating 
intoxication  in  a woman  who  ate  the  tip  and  several  leaves  of  a mint 
plant  which  had  grown  adjacent  to  rose  plants  whose  roots  had  been 
treated  withTemik  (Quinby, unpublished  data). 

Chlorinated  phenoxy-acid  compounds:  Several  authors  have 
attributed  peripheral  neuropathy  to  exposure  to  2, 4-Dichlorophonoxy- 
neetic  acid  (2,4  I))  (Goldstein,  1950;  Fullerton,  1968).  In  all  cases, 
signs  and  symptoms  followed  gross  overdose  resulting  from  exposure 
of  the  skin  to  the  liquid  compound  for  many  hours. 

Organic  mercurial  compounds:  Organic  mercurial  compounds  are 
commonly  used  as  fungicides.  Poisoning  by  organic  mercurials  is  char- 
acterized by  signs  and  symptoms  of  nervous  system  involvement  sucli 
as  headache;  paresthesias  of  the  tongue,  lips,  fingers,  and  toes;  fine 
tremors  of  the  fingers  and  hands;  and  general  incoordination.  Irri- 
tability and  bad  temper  are  often  early  manifestations  of  over 
exposure.  Sever  intoxication  may  produce  total  incapacitation  or  death. 

Acute  human  poisoning  by  organic  mercurial  compounds  has  been 
reported  infrequently  but  there  have  been  many  eases  of  chronic 
poisoning,  most  of  which  were  associated  with  the  manufacture  of 
organic  mercurial  compounds,  their  use  for  treating  seed,  or  the  eating 
of  treated  seed  (Hayes,  1963). 

Effects  on  the  nervous  system* — Inorganic  a rsenicals:  Acute 

inorganic  arsenical  poisoning  produces  a clinical  picture  involving 
multiple  organ  systems.  Following  ingestion  of  tri valent  arsenic, 
there  is  a characteristic  delay  of  from  one-half  to  several  horn's.  Early 
symptoms  include  a feeliug  of  throat  constriction  with  difficulty  in 
swallowiug.  Violent  abdominal  pain  accompanied  by  vomiting  and 
profuse,  watery  diarrhea  follow.  Other  manifestations  of  systemic 
involvement  include  muscular  cramping,  headache  and,  in  severe 
poisoning,  convulsions,  coma  and  death.  Buchanan,  1962) 

Studies  carried  out  on  several  hundred  wine  growers  who  were 
exposed  for  long  }>eriods  to  arsenical  insecticides  revealed  electro- 
cardiographic evidence  of  cardiac  damage  (Butzengeiger,  1949 : Cited 
by  Buchanan,  1962).  In  California,  during  the  period  1951  to  1963, 
there  were  42  fatal  arsenic  poisoning  cases  involving  children.  The 
compound  most  often  responsible  was  a sodium  arsenite-containing 
herbacide.  The  removal  in  California  of  this  dangerous  product  from 
the  home  market  in  1961  was  accompanied  by  a reduction  in  fatal 
childhood  arsenical  poisoning.  (West,  Milby,  1965) 

Chronic  arsenical  poisoning  may  be  divided  into  three  phases.  In 
the  first  phase,  the  victim  complains  of  weakness  and  loss  of  appetite. 
There  may  also  be  nausea  and  vomiting.  The  second  phase  of  intox’ca- 
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tion  is  characterized  by  symptoms  of  coryza,  hoarseness  and  mild 
bronchitis.  Perforation  of  the  nasal  septum  is  a common  finding.  Skin 
manifestations  are  common  at  this  stage  of  poisoning.  The  third  phase 
of  chronic  arsenical  intoxication  is  marked  by  peripheral  neuritis, 
which  is  often  mild,  at  first,  but  which  may  progress  to  motor  paralysis 
in  more  severe  cases  (Buchanan,  1062). 

Thallium:  Thallium  sulfate  is  used  as  an  insecticide  and  roden- 
ticide.  Human  poisoning  is  tisualy  the  result  of  ingestion  by  a child 
of  thallium  containing  bait.  Between  1054  and  1050,  over  130  children 
in  southern  Texas,  alone,  were  poisoned  by  thallium  in  this  manner. 
(Reed,  1063) 

Thallotoxieosis  is  characterized  by  polyneuronitis,  epilation,  gastro- 
intestinal symptoms,  encephalopathy  and  retrobulbar  neuritis.  A 
bluish  line  may  appear  in  the  gums.  The  gastrointestinal  and  neurolog- 
ical manifestations  appear  12-14  hours  after  ingestion  of  the  toxin 
(Grunfeld,  1964).  Epilation  beginus  in  10  to  14  days.  Peisistent 
neurological  damage  was  found  in  54  percent  of  children  who  had 
recovered  from  thallium  poisoning.  (Reed,  1063) 

Effects  an  the  skin , — It  has  been  suggested  that,  although  pesticides 
aro  used  extensively,  they  do  not  appear  to  produce  skin  disease  as 
frequently  as  certain  other  groups  of  chemical  agents  such  as  house- 
hold chemicals  and  cosmetics  (Fregert,  Hjorth,  1968).  Since  little  or 
no  relevant  data  are  available  from  other  states,  reports  published  by 
the  California  Department  of  Public  Health  indicate  that  this  may 
not  actually  be  the  case.  Theso  reports  suggest  that  pesticide-induced 
skin  conditions  are  more  likely  unrecognized  or  unreported  than 
uncommon.  The  table  summarizes  reports  of  occupationally-related 
skin  conditions  attributed  to  pesticides  and  other  agricultural  chem- 
icals which  were  received  by  the  State  of  California  during  the  years 
1964-1968.  Since  equivalent  data  aro  not  available  from  other  states, 
the  national  picture  can  only  be  surmised. 

For  additional  information,  the  reader  is  referred  to  the  report  on 
the  effects  of  pesticides  on  the  skin  which  may  bo  found  elsewhere  in 
this  section. 

Chlorinated  hydrocarbons:  The  chlorinated  hydrocarbons  do  not 
appear  to  be  an  important  producer  of  dermatoses  among  the  general 
population.  DDT  has  been  applied  directly  to  the  skin  and  clothing  of 
countless  thousands  of  individuals  as  a disease  vector  control  agent 
with  few  or  no  problems  referable  to  the  skin.  Workers  engaged  in 
the  production  of  lindane  have  been  reported  to  suffer  dermatitis  as 
a result  of  exposure  to  an  impurity,  delta-heptachlorocyclohexane. 
(Hegyi  and  Stota,  1965;  cited  by  Hjorth,  1968).  Purified  lindane  has 
been  used  for  several  decades  in  the  United  States  as  a treatment  for 
scabies  and  lice  with  little  problem  (Hjorth,  1968) . 
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In  Turkey,  hexachlorobenzene-contnminntcd  grain  was  ingested  by 
several  thousand  people  in  1950.  As  a result  a number  of  eases  of 
acquired  porphyria  cutanea  tarda  symptomatica  occurred  (Cam,  1959; 
Schmid,  I960).  Severe  skin  manifestations  including  photosensitivity, 
bullae  formation,  deep  scarring,  permanent  alopecia,  and  skin  atrophy 
characterized  this  condition. 

Organophosphorns  compounds:  The  direct  cholinesterase  inhibitors 
(such  as  TEPP  and  Phosdrin)  and  the  rapidly  activated  inhibitors 
(parathion,  demeton,  disulfoton,  etc.)  may  cause  topical  effects  at 
heavily  exposed  sites.  These  include  excess  sweating,  erection  of  hair, 
and  twitching  of  the  muscles  just  beneath  the  site  of  application 
(Hayes,  GR,  1964). 

Previously  existing  dermatitis  speeds  absorption  of  organic  phos- 
phorus compounds  and  of  other  substances.  A few  of  these  compounds 
or  their  formulations  have  been  established  as  a cause  of  either  contact 
dermatitis  or  allergic  dermatitis,  TEPP  (Quinby,  unpublished  dnta), 
malathion  (Milby,  1964),  and  DDVP  (Cronce,  1*968).  In  each  of  these 
reports,  patch  tests  were  positive  for  the  pesticide  compound  in  the 
purest  form  available.  In  the  case  of  malathion,  however,  at  least  the 
etiologic  agent  was  not  malathion  itself  but  a reactant,  diethyl  fuma- 
rate  (Kligman,  1967). 

Parathion,  like  malathion,  has  been  shown  to  be  a strong  sensitizer 
in  man  (Palmienteri,  1964).  However,  occupational  dermatitis  from 
parathion  has  not  yet  been  recorded. 

Naled  caused  dermatitis  in  12  female  chrysanthemum  workers  in 
Florida.  Exposuro  of  the  workers  began  only  two  hours  after  spraying. 
Patch  tests  were  positive  in  3 out  of  4 tested  (Edmundson,  1967). 

Dithiocarba mates:  Practically  all  of  the  dithiocarbamates  cause  at 
least  mild  dermatitis  due  to  primary  irritation  (Hayes,  1963).  Ziram  is 
extensively  used  and  it  has  often  been  reported  as  the  causative  agent 
(Quinby,  unpublished  data) . 

Chlorinated  carbamates:  Morestan  causes  erythematous  to  bullous 
dermatitis  in  spraymen  photosensitized  to  this  insecticide  because  of  its 
quinoxaline  ring  structure,  which  is  common  to  a number  of  other 
chemicals  that  likewise  do  so  (Quinby,  unpublished  data). 

Rosaniline  dyes:  Gentian  Violet,  a mixture  of  Rosaniline  dyes  has 
been  reported  to  irritate  skin  at  low  levels  of  exposure  and  to  cause 
hemorrhages  in  the  skin  and  mucous  membrane  in  persons  accidentally 
or  occupationally  exposed  to  high  concentrations  of  the  chemical, 
either  as  a dust  or  in  solution  (Quinby,  1968) . 

Chlorinated  phenols:  Acneiform  or  eczematous  dermatitis  has  been 
observed  widely  in  industries  using  pentachlorophenol  (Hayes,  1963). 
Acute  erythematous  dermatitis  was  produced  from  contact  with  a 


mixture  of  a paint  cleaner  and  pcntachlorophenol.  The  patient  excreted 
pentachlorophcnol  in  his  urine  for  over  50  days  (Benvenue,  1067). 

Phenolic  derivatives:  Sodium  orthophenylphenates  and  other  salts 
of  that  compound  have  caused  contact  and  allergic  dermatitis  in  almost 
100  percent  of  workers  sorting  fruits  and  vegetables  treated  with  this 
fungistatic  chemical  (Scott,  1949).  Even  with  every  reasonable  pre- 
caution, a significant  percentage  of  contact  dermatitis  still  occurs 
(Quinby,  unpublished  data). 

Nitrogen  compounds:  Nine  cases  of  skin  irritation  by  herbicides 
have  been  reported  in  England  and  Africa  (Smith,  1966).  Exposure 
of  the  hands  to  Paraquat  and  Diquat  has  caused  discoloration,  soften- 
ing and  even  shedding  of  fingernails  from  the  topical  destruction  of 
cells  in  the  nail  matrix  (Samman  and  Johnston,  1969).  One  case  of 
nail  damage  from  field  use,  three  cases  from  manufacturing,  and  four 
cases  from  formulation  were  reported  from  all  over  the  world  (Smith, 
1966).  Random  application  was  followed  in  three  workers  by  contact 
dermatitis  with  erythema,  violaceous  erythema,  encrustations,  bullae, 
edema,  and  exudative  intertrigo  (Spencer,  1966). 

Captan  fungicide  was  recently  reported  as  a cause  of  occupational 
dermatitis  from  apple-spraying  (Fregert,  1967). 

Difolatan,  a carboximide  fungicide,  caused  264  cases  of  dermatitis 
in  orchard  workers  in  tangerine  groves  of  Japan  in  1966  (Takama- 
tsu, 1968).  The  lesions  and  course  suggested  that  photosensitization 
played  a role.  Barrier  creams  failed  to  control  the  disease. 

Chlorinated  acid  derivatives:  Twenty-nine  workers  engaged  in  the 
manufacture  of  2,4-D  and  2,4,5-T  developed  either  chloracne,  or 
porphyria  cutanea  tarda  (Bleiberg,  et  al .,  1964).  Hyperpigmentation 
of  sun-exposed  areas  was  limited  to  the  head,  neck,  and  hands.  Acnei- 
form  rash  and  scarring  had  a similar  pattern.  Excess  growth  of  hair 
involved  the  lateral  half  of  the  eyebrow  and  the  temporal  half  of  the 
scalp.  The  29  workers  were  exposed  to  a wide  range  of  chemicals  in  this 
process  as  well  as  hexachlorobenzene.  The  authors,  however,  were  un- 
able to  find  either  of  these  two  skin  diseases  in  patients  exposed  to 
finished  formulations  of  2,4-D,  or  2,4, 5 *T. 

Simple  chemical  compounds:  Reports  of  dermatitis  from  sulphur, 
polysulphide,  and  lime  sulphur  mixtures  are  so  old  that  it  is  hard  to 
find  recent  citations  (Shepard,  1939).  Safety  manuals  usually  refer 
to  the  transient  irritation  of  the  skin,  eyes,  and  respiratory  tract 
(Plunkett,  1966). 

Metallic  derivatives : Exfoliative  dermatitis  occasionally  follows  ex- 
cessive exposure  to  arsenic  compounds  and  milder  dermatitis  follows 
occupational  exposure  (Neal,  1941;  Patty,  1962).  Complete  loss  of 
hair  following  chronic  poisoning  with  thallium  sulfate  has  been  re- 

365 


Reports  o]  Occupationally  Related  Skin  Conditions  Attributed  to  Pesticides  and 
Other  Agricultural  Ckemicals,  California , 1964-68 


Agricultural  chemical 

Total 

1964 

1065 

1066 

1967 

1968 

Total. 

. . 2,  186 

470 

468 

452 

430 

336 

Organic  phosphate  pesticides  (all) 

91 

17 

17 

26 

15 

16 

Parathlon 

20 

2 

6 

6 

3 

3 

Systox 

4 

1 

1 

1 

1 

— 

TEPP... 

2 

1 - 

1 

Phosdrin 

1 - 

1 

— 

M &lath!on 

19 

3 

4 

7 

2 

3 

Trithlon 

3 

2 

1 



Thimet 

5 

3 

2 . 

Guthlon 

7 

1 

1 

2 

1 

2 

Bidrln 

1 . 

1 



Other  and  unspecified 

29 

4 

5 

10 

3 

7 

Chlorinated  hydrocarbon  pesticides  (all).. 

93 

21 

12 

22 

17 

21 

DDT,  chlordane,  lindane,  kelthane 

57 

15 

8 

14 

7 

13 

Endrin,  aldrln,  dieldrin,  toxaphene 

3 . 

2 . 

1 



Other  and  unspecified 

33 

6 

2 

8 

9 

8 

Lead  and/or  arsenic  compounds — 

21 

4 

5 

4 

3 

5 

Herbicides . 

...  250 

52 

56 

43 

62 

43 

Fertilizers 

..-  143 

35 

35 

22 

29 

22 

Organic-mercury  compounds 

17 

2 

2 

2 

7 

4 

Fungicides,  n.e.c.1 

62 

11 

10 

11 

15 

15 

Phenolic  compounds 

...  101 

20 

16 

36 

15 

14 

Carbamates 

5 

1 

1 

1 

1 

1 

Sulfur 

...  1 77 

a 

a 

33 

21 

23 

Other  specified  agricultural  chemicals 

...  147 

57 

61 

12 

11 

3 

Unspecified 

...  1,144 

242 

246 

235 

224 

197 

1 Not  elsewhere  classified. 

i Sulfur  Included  with  other  specified  agricultural  chemicals  prior  to  1966. 

8ourci.— State  of  California,  Division  of  Labor  Statistics  and  Research.  Doctor's  First  Report  of  Wort 
Injury.  Statistics  compiled  by  State  of  California  Department  of  Public  Health,  Berkeley,  Calif. 


ported  (Mathews,  1968).  The  organic  mercurials  cause  a wide  variety 
of  dermatoses  including  allergic  reactions  according  to  degree  and 
type  of  exposure  (Patty,  1962). 

Effects  on  the  eye . — The  eye  may  be  affected  by  pesticides  from  both 
direct  topical  contamination  and  indirectly  as  a consequence  of  systemic 
poisoning.  Reports  from  California  for  1966  indicated  that  the  eyes 
were  involved  in  27  percent  of  all  reported  Occupational  accidents  or 
poisonings  attributed  to  pesticides  (California  State  Department  of 
Public  Health,  1966).  Most  of  these  injuries  were  conjunctivitis  due 
to  the  irritative  effects  of  these  compounds. 

Chlorinated  hydrocarbons:  Thermal  decomposition  of  chlorinated 
hydrocarbon  produces  various  chlorine  containing  compounds  which 
are  highly  irritating  to  the  eyes.  Other  than  nonspecific  irritation,  there 


366 


appears  to  be  no  important  effect  of  chlorinated  hydrocarbons  on  the 
eye. 

Organophosphorus  compounds : When  eye  contamination  is  bilateral, 
direct  cholinesterase  inhibitors  cause  signs  and  symptoms  clinically 
identical  to  the  optic  disturbances  seen  in  systemic  poisoning.  Contami- 
nation of  one  eye  with  TEPP,  Phosdrin.  Schradan  (OMPA),  Bidrin, 
and  other  direct  inhibitors  causes  excess  tearing,  miosis,  increased  near 
and  far  accommodation  decreased  light  perception,  and  defective 
kinetic,  but  not  static,  depth  perception.  Either  unilateral  or  bilateral 
miosis  caused  by  contamination  produces  symptoms  of  mild  headache, 
sensations  of  pressure  in  the  orbit,  burning  of  the  eyelids,  rhinorrhea, 
and  improved  distant  vision  (through  camera  effect). 

One  hundred  and  fourteen  men  poisoned  in  1060  with  organophos- 
phonis  compounds  in  California  were  questioned  3 years  later  to 
identify  sequelae  of  acute  poisoning  (Tnbershaw,  1066).  Eight  of 
these  complained  of  continued  disturbances  of  vision.  Six  of  these 
were  attributed  by  the  patients  to  the  acute  episode.  In  all  six  cases,  an 
etiology  other  than  pesticides  had  beeu  named  by  the  attending 
physician. 

In  76  necropsies  on  patients  dying  from  diazinon  poisoning  in  India, 
vascular  pathology  in  the  eyes,  heart,  brain,  spinal  cord,  and  genito- 
urinary systems  was  attributed  to  dinzinon  (Limaye,  1066).  However, 
no  consideration  was  given  to  other  toxicants  in  the  formulations 
involved. 

Bidrin  was  accidentally  splashed  into  one  eye  of  n worker  when  a 
base  ruptured.  Within  21  hours,  the  eve  constricted  and  did  not  react 
to  light  as  did  the  other  eye.  The  following  day,  both  eyes  were  miotic 
suggesting  systemic  absorption  of  the  toxicant,  There  were  no  se- 
quelae reported  (Gallaber,  10G7). 

Carbamates  and  carbamoyl  oximes:  Topical  ophthalmic  effects  of 
the  carbamate  Baygon,  appear  to  bo  clinically  identical  to  those  pro- 
duced by  organophosphorus  com|xn»uIs  except  that  the  duration  of 
signs  and  symptoms  is  shorter  (Vandekar,  1068),  The  rapid  and 
spontaneous  reversibility  of  the  cholinesterase  inactivation  probably 
explains  this  difference. 

Chlorinated  aliphatics:  There  lmve  been  a number  of  individual 
cases  and  neighborhood  outbreaks  of  moderately  severe  eye  irritation 
produced  by  the  chlorinated  aliphatic  fumigants  in  connection  with 
their  agricultural  use  as  nematoeides  (Qninby,  unpublished  datA).  The 
three  compounds  known  to  have  produced  these  episodes  are  dichlom- 
propane,dichloropropene,and  chloropicrin. 

Chlorinated  phenols:  Three  cases  of  monocular  retrobulbar  neuritis 
were  attributed  to  a mixture  of  chemicals  used  for  treating  furniture. 
These  mixtures  contained  pentachlorophenol,  ortho*  and  para-di- 
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chlorobenzene,  nnd  DDT  (Campbell,  1952) . The  only  chemical  in  com- 
mon was  pentnchlorophenol  which  is  not  known  to  produce  neuritis 
(Hayes,  1963).  One  case  of  bilateral  retrobulbar  neuritis  followed  ex- 
posure to  a mixture  of  pentnchlorophenol,  dieldrin,  nnd  other  unstated 
ingredients  in  a mixture  used  for  treating  furniture  (Jindnl,  1968). 

Chloro-2  phenylphenol  nnd  sodium  orthophenyl  phennte  have 
caused  mild  conjunctivitis  ns  well  ns  dermntitis  in  npple  sorters  (Scott, 
1949;  Quinby,  unpublished  dntn).  Conjunctivitis  also  occurs  after  ex- 
posure to  Gentinn  Violet  dust  is  in  the  nir,  but  the  predominant  symp- 
tom »s  nosebleeds. 

Nitrophenols:  Dinitrophenolic  pesticides  have  not  been  shown  spe- 
cifically to  cause  optic  disease  under  cither  npprovcd  use  or  accidental 
ingestion  (Hnyes,  1963).  However,  in  1933,  2,4-dinitrophenol  was 
advocated  ns  nn  oral  agent  for  treatment  of  obesity.  The  consequences 
were  disastrous  when  cntarncts  appeared  ns  delayed  effects  throughout 
much  of  the  U.S.  (Homer,  1935). 

Nitrogen  compounds:  Although  Pnrnqunt  chnrncteristicnlly  causes 
injury  to  the  lung,  it  also  is  very  erosive  to  the  eyes  (Howe,  1965).  As 
pnrt  of  the  loonl  irritant  action  of  Pnrnqunt,  the  concentrated  material 
is  capable  of  causing  eye  dnmnge.  The  full  extent  of  the  injury  is  not 
apparent  immediately  but  requires  24  hours  to  develop.  The  dnmnge  is 
superficial,  with  extensive  stripping  of  conjunctival  and  corneal 
epithelium.  Provided  secondary  infection  is  avoided  nnd  adequate, 
ophthalmologic  care  nvnilnblo,  complete  healing  is  possible  within  a 
month.  A farmer  lost  bulbar  nnd  tarsal  conjunctiva  n week  after 
accidental  contamination  of  the  eye  with  fluid  concentrate  of  a Pnr«- 
qunt/Piqunt  mixture.  There  was  also  partial  loss  of  the  cornea  and 
reactive  nnterior  uveitis.  All  tissues  healed  between  the  1 Ith  nnd  18th 
days  nfter  exposure  with  conjunctival  adhesions  complicating  recovery 
(Cant  nnd  Ixiwis,  1068n).  The  same  authors  (Cant  nnd  Lewis,  1968b) 
reported  other  eases  of  ocular  burns  with  permanent  comeal  scarring. 
Six  milder  cases  of  eye  inflammation  were  reported  from  mnnufnctur> 
ing  and  formulating  Pnraqnat  (Smith,  1066). 

Sulfur,  polysulphides  nnd  related  compounds:  Sulfur,  polysulphides 
nnd  related  compounds  used  ns  nearicides,  insecticides,  nnd  fungicides 
(Shepherd,  1039),  have  produced  moderately  severe  conjunctivitis  in 
formulntorfl  nnd  sprnymen  (Quinby,  unpublished  data). 

Metallic  derivatives:  Organic  mercurial  pesticides  irritate  the 
mucous  membranes  of  the  eyes.  Chronic  exposures  of  workers  handling 
treated  seeds  have  also  produced  optic  neuritis  with  loss  of  irregular 
portions  of  peripheral  fields  of  vision  (Ridstrup,  1964)  nnd  atrophic 
changes  of  tho  fundus  (Katsunuma,  1963). 

Elemental  pesticides:  The  crude  lime-sulphur  cooked  or  uncooked 
mixtures  used  ns  fungicides  on  fruits  since  the  latter  part  of  the  19th 
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century  (Torgeson,  1967)  have  caused  mild  to  moderate  dermatitis 
and  conjunctivitis  apparently  from  the  primary  irritating  character- 
istics of  either  oxides  of  sulfur  or  polysulphides  formed  in  the  heating 
process  (Quinby,  unpublished  data). 

Vehicles;  Reversible  corneal  injury  from  chemical  keratitis  caused 
by  accidental  contamination  of  the  eyes  with  propellants  in  aerosol- 
type  dispensers  of  pesticides  has  been  reported  (MacLcan,  1967a). 

Effects  on  the  Respiratory  System 

Chlorinated  hydrocarbons:  Chlorinated  hydrocarbons  are  not  known 
to  affect  the  respiratory  system  directly  but  may  be  absorbed  through 
this  route  like  most  other  chemicals  (Hayes,  1963).  Thermal  decom- 
position products  of  lindane  (Hayes,  1963)  and  of  Pertliane  (Quinby, 
unpublished  data)  irritate  the  respiratory  tract. 

Organophosphorus  compounds:  Organophosphate  compounds  exert 
a profound  effect  upon  the  respiratory  tract.  Systemic  poisoning  by 
these  toxins  is  accompanied  by  broncho-constriction  and  hypersecre- 
tion of  bronchial  fluids  and  in  severe  cases,  pulmonary  edema.  These 
manifestations  are  a result  of  intense  parasympathetic  stimulation 
which  characterizes  the  action  of  organophosphorus  pesticides.  Of 
even  greater  consequence  to  the  act  of  respiration  is  the  effect  of  or- 
ganophosphates  on  the  voluntary  muscles  of  respiration,  which  is  to 
interfere  with  transmission  of  nerve  impulses  across  the  neuromus- 
cular junction.  During  the  early  phase  of  poisoning  this  interference 
gives  rise  to  muscle  fasciculation  and  weakness.  In  the  severe  cose, 
muscle  paralysis  and  death  from  respiratory  insufficiency  follow. 

Ilronchoeonstriction  resulting  from  topical  application  of  TKPP 
(Tetraethyl  pyrophosphate)  lias  been  reported  (Quinby  and  Door- 
nink,  1965). 

The  organophosphorus  compounds  have  been  reported  by  some  ob- 
servers to  cause  or  exacerbate  bronchial  asthma  (Weiner,  1961).  How- 
ever, other  investigators  have  been  unable  to  substantiate  these  find- 
ings (Sumerford,  1053 ; Hayes  and  Dixon,  1057a;  Ganelin,  1964a; 
Jegier,  1065;  Jegier,  1904b;  Gardner.  1908;  Fowler,  1953;  Davignon, 
1965). 

Carbamates  and  dithiocarbamntes:  Ikith  spraymen  and  inhabitants 
who  breathed  dust  swept  from  dirt  floors  in  houses  treated  with  Hay- 
gon  complained  of  hitter  taste  in  mouth,  and  irritation  of  the  lijis,  and 
nose  and  coughing  for  a short  time  after  exposure  (Quint  y,  unpub- 
lished data). 

Similar  but  more  severe  signs  of  respiratory  tract  irritation  is  fre- 
quently seen  in  workers  exposed  to  dithiocarbamate  dusts  such  as 
ziram  (Hayes,  1963). 

Chlorinated  aliphatics:  The  respiretory  irritation  caused  by 
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chloropicrin  has  been  well-known  since  World  War  I,  but  its  use  as  a 
nematocide  in  California  has  also  caused  instances  of  respiratory  irri- 
tation so  severe,  that  local  residents  had  to  leave  their  homes  until  the 
gas  cleared.  Dichloropropene  is  another  nematocide  which  may  pro- 
duce the  same  effect  (Quinby,  unpublished  data) . 

Chlorinated  phenols:  Pentachlorophenol  causes  irritation  of  the  res- 
piratory tract  even  at  dosages  that  do  not  produce  systemic  diseases 
(Hayes,  1063).  Dusts  containing  2-ehlorophenylphenate  and  sodium 
orthophenylplienate  also  cause  nasal  and  bronchial  irritation  as  well 
as  nosebleeds  (Scott,  1949;  Quinby,  1968). 

Nitrophenols:  The  nitrophenolic  pesticides  cause  remarkably  little 
respiratory  irritation  even  when  quite  large  amounts  are  being  inhaled 
and  the  skin  deeply  stained.  Skin  staining  with  dinitrocresols  or  dini- 
trophenols  does  not  mean  that  the  worker  has  been  poisoned.  However, 
fatal  cases  have  also  shown  staining  of  the  lungs  with  edema  and 
hemorrhages  (Hayes,  1963). 

Nitrogen  containing  pesticides:  Paraquat  causes  fatal  poisoning  if 
swallowed  in  sufficiently  large  amounts.  All  deaths  have  been  a result 
of  proliferation  of  cellular  elements  in  the  lung  with  attendant  im- 
pairment of  ventilation.  No  systemic  poisoning  has  resulted  from  its 
use  in  agriculture  wl  ere  only  local  irritant  manifestations  on  skin, 
eye,  or  nasal  mucosa  have  been  observed, 

Paraquat  is  absorbed  poorly  from  the  intestine  and  the  fraction 
absorbed  is  excreted  rapidly  in  the  urine;  the  bulk  of  it  is  excreted 
unchanged  within  48  hours.  Because  of  the  progressive  nature  of  the 
pulmonary  fibrosis,  death  was  often  3 or  more  weeks  after  ingestion 
(Barnes,  1068).  Individual  case  reports  are  available  for  more  de- 
tailed description  of  the  clinical  picture  of  Paraquat  poisoning  (Howe, 
1966;  Clark,  1966;  McKean,  1968;  Anonymous,  1967;  Almog,  1967; 
Manktelow,  1967;  Matthew,  1968  {Campbell,  1968). 

Among  the  many  cases  that  have  recovered  from  Paraquat  poison- 
ing have  been  some  manifesting  severe  hepatic  and  renal  involve- 
ment, where  steroid  therapy  was  instituted  early  (Weidenbach,  1969). 

Miscellaneous:  Weiner  and  Worth  (1969)  reported  a positive  cor- 
relation between  history  of  asthma,  chronic  bronchitis,  and  sinusitis, 
and  exposure  to  household  insecticides.  No  specific  causal  association 
ha*  yet  been  established. 

Effect*  on  the  eardtova*cuf<ir  — Chlorinated  hydrocarbons: 

Animals  killed  with  large  doses  of  chlorinated  hydrocarbon  insecti- 
cides show  dilation  of  blood  vessels  and  small  hemorrhages  secondary 
to  convulsions  (Hayes,  1063).  Health  surveys  of  workers  with  intense 
occupational  exposure  to  chlorinated  hydrocarbons  have  not  detected 
cardiovascular  changes  (Taws,  1967).  The  possibility  that  elevated 
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DDT  derived  materials  in  body  fat  and  the  existence  of  hypertension 
may  be  associated  has  been  raised  (Radomski,  1968)  but  no  definitive 
case  for  such  a relationship  lias  been  established.  A discussion  of  this 
observation  may  be  found  elsewhere  in  this  report. 

Organophosphorus  compounds:  While  there  is  no  known  direct  ac- 
tion of  organophosphorus  compounds  on  the  cardiovascular  system, 
the  following  changes  have  teen  observed  by  various  investigators: 

1.  Hypertension  or  hypotension 

2.  Hyperglycemia  or  hypoglycemia 

3.  Bradycardia  or  tachycardia 

4.  A-V  block  and  dissociation,  exaggeration,  ard  inversion  of 
T-wave 

5.  Disappearance  of  IMvavc 

6.  Cardiac  arrest 

7.  Sub  epicardial  hemorrhage 

8.  Acute  toxic  myocarditis 

(Hayes,  1963  Liinaye,  1966;  Orlando,  1967;  Comstock,  1967). 

Nitrogen  containing  pesticides:  Paraquat  ingestion  has  been  fol- 
lowed by  myocarditis  (Ihillivant,  1966)  and  cardiac  arrest  (Oreopou- 
las,  1968). 

Miscellaneous  pesticides:  Ingestion  of  elemental  yellow  phosphorus 
used  as  rat  poison  causes  the  usual  signs  of  phosphorus  intoxication. 
Symptoms  of  severe  gastrointestinal  irritation  occur  as  soon  as  one- 
half  hour  after  ingestion.  This  early  stage  may  be  followed  by  a latent 
period  lasting  from  a few  hours  to  a few  days  depending  on  the 
amount  ingested.  Later  manifestations  include  abdominal  pain,  nau- 
sea, vomiting,  hemateniesis,  and  other  hemorrhagic  manifestations, 
jaundice,  hepatomegaly,  oliguria,  toxic  psychosis,  convulsions,  coma, 
and  shock.  Severe  damage  to  heart,  liver,  and  kidney  may  occur  with 
death  at  any  time.  Cirrhosis  of  the  liver  has  been  reported  following 
recovery  from  acute  poisoning  (Hayes,  1963).  Electrocardiographic 
pattern  simulates  acute  infarction  of  the  anteriolateral  wall  of  the 
left  ventricle.  X-ray  confirms  cardiac  enlargement  (Pietras,  1968). 

Sodium  fluoroacetate  (1080)  may  cause  death  from  ventricular 
fibrillation  or  cardiac  arrest  (l)eiehman  and  Gorarde,  1904). 

Hematological  effect*  of  ;>r*f?VyWe*. — Few  systematic  studies  of  the 
effects  of  pesticides  on  the  blood-forming  organs  have  been  conduct ed. 
Most  published  information  consists  of  case  reports  which  describe 
one  or  more  patients  who  suffer  some  form  of  hematologic  disorder 
and  who  have  had  recent  or,  in  some  cases,  remote  exposure  to  ]>esti- 
rides.  While  in  most  cases  the  hematological  diagnosis  is  supi>orted  by 
convincing  evidence,  pesticide  ex|K>siire  factors  are  often  poorly  docu- 
mented. Since  hematologic  disorders  are  not  uncommon  and  the  use 
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of  pesticides  is  widespread,  opportunities  for  a chance,  rather  than 
a causal  relationship  must  be  carefully  considered. 

Lindane  is  the  pesticide  which  has  been  most  often  implicated  as  a 
cause  of  hematologic  disorders  (West,  1967;  Saneliez-Medal,  1963; 
Stieglitz,  1967)  but  other  pesticides  have  also  received  attention  in 
this  regard:  DDT  (Saneliez-Medal,  1963);  chlordane  (Huguley, 
1966);  and  parathion  (AMA,  1965).  However,  it  has  been  pointed 
out  that  national  trends  in  death  rates  from  aplastic  anemia,  purpura, 
and  agranulocytosis  have  not  changed  from  1949  to  1958,  a period  of 
increasing  pesticide  usage  (Hayes,  1961).  A study  in  California  re- 
viewed death  certificates  for  the  period  1954  through  1963  filed  in  a 
county  in  which  pesticides  are  used  extensively.  Comparative  data 
were  acquired  from  statewide  statistics.  No  significant  differences 
were  noted  between  death  rates  from  aplastic  anemia,  and  neoplasms 
of  the  lymphatic  or  hemopoietic  system  when  these  two  populations 
were  compared  (Rappolt  1968). 

Several  authors  have  called  attention  to  weaknesses  inherent  in 
allegations  relating  pesticide  exposure  and  hematologic  disorders 
(Mastromatteo,  1964;  Christophers,  1969;  Milby,  1968).  There  does 
not  appear  to  be  sufficient  evidence  available  at  the  time  of  this  writ- 
ing to  categorically  accept  or  deny  this  relationship. 

Kffects  on  the  gastrointestinal  tract . — Chlorinated  hydrocarbons: 
It  became  apparent  early  through  toxicological  studies  involving 
animals  that  DDT  and  most  other  chlorinated  hydrocarbons  could, 
and  would,  cause  liver  damage  and  dysfunction  if  dosage  was  suffi- 
ciently high  and  exposure  sufficiently  prolonged  (Hayes*  1963).  Actual 
experience,  however,  has  not  indicated  that  liver  involvement  is  an 
important  consideration  in  connection  with  human  exposure  to  most 
of  the  chlorinated  hydrocarbon  pesticides.  For  example,  Chlordane 
has  not  been  found  to  cause  detectable  liver  damage  in  cases  of  acci- 
dental ingestion  (Curley,  1969)  or  in  manufacturers  with  extensive 
prolonged  exposure  (Fishbein,1964). 

In  the  course  of  a very  unusual  incident,  hexachlorobenzene-con- 
taminated  grain  was  ingested  by  several  thousand  residents  of  Turkey. 
As  a result,  a large  outbreak  of  acquired  porphyria  cutanea  tarda 
symptomatica  occurred  (Cam,  1959).  The  characteristic  disturbances 
of  porphyrin  metabolism  involved  the  liver  (Schmid,  1960). 

Over  a period  of  18  years,  826  workers  engaged  in  the  manufacture 
of  chlorinated  hydrocarbons  were  observed.  No  evidence  of  liver 
damage  was  found  even  in  clinically  |>oisoned  men  (Jager,  1968). 

Organophosphorus  compounds:  The  topical  effects  of  organophos- 
phorus compounds  on  the  gastrointestinal  tract  have  been  presented 
elsewhere  in  this  report. 

One  group  of  authors  believed  that  organophosphorus  compounds 
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have  a specific  toxic  effect  upon  the  liver  (Gitelson,  1965).  They  sug- 
gested that  this  was  due  to  prolonged  anoxia  accompanying  severe 
intoxication  and  not  to  the  pesticide  itself.  Liver  damage  has  not  been 
demonstrated  in  recovered  patients  who  did  not  suffer  prolonged 
anoxia. 

Nitrogen  compounds:  Esophageal  casts  have  been  vomited  by 
patients  who  have  ingested  Paraquat  formulations  (O’Dwyer,  1968). 
Ulcers  of  the  tongue,  pharyngitis  esophagitis  and  gastric  ulcers 
resulted  from  an  attempted  suicide  (Fennelly,  1968).  Hemorrhagic 
esophagitis  was  found  in  another  case  (Duffy,  1968).  In  a review  of 
fatal  cases  of  Paraquat  poisoning  by  ingestion,  liver  damage  varying 
from  cellular  swelling  with  fatty  change  to  necrosis  was  noted  (Kerr, 
1968). 

Effect s on  the  genito-urinary  system. — Chlorinated  hydrocarbon: 
While  there  is  no  recognized  damage  to  the  kidneys  of  man  in  uncom- 
plicated poisoning  with  chlorinated  hydrocarbon  pesticides,  there  is 
growing  evidence  in  experimental  and  wild  animals  that  high  dosage 
rates  produce  alterations  in  steroid  mechnisms  and  in  the  reproductive 
cycles  of  certain  birds.  A more  detailed  discussion  of  this  phenomenon 
is  found  elsewhere  in  this  report. 

Organophosphorus  compounds:  The  effects  of  organophosphorus 
compounds  on  the  genito  urinary  system  differ  with  dose  and  with  the 
nature  of  the  metabolic  products  of  degradation. 

Patients  who  have  experienced  profuse  diaphoresis  during  acute 
poisoning  may  follow  with  a period  of  oliguria. 

Moderate  albuminuria,  aeetonuria,  and  glycosuria  may  be  present 
during  the  late  acute  and  early  convalescent  stages  of  poisoning 
(Hayes,  1063;  Quinby,  1963).  Paranitrophenol  excreted  in  the  urine 
of  individuals  exposed  to  parathion  may  cause  mild  dysuria  (Hayes, 
1963). 

One  group  of  workers  noted  generalized  aminoaciduria  in  five  of 
nine  organophosphorus  poisoning  cases  (Davies,  1967).  In  a later 
publication,  these  authors  concluded  that  the  aminoacidemia  and 
aminoaciduria  which  they  observed  did  riot  represent  n pathological 
process.  Present  knowledge  indicates  that  these  disturbances  of  ainino- 
acid  excretion  may  be  individual  biochemical  differences  (Tocci,  1969). 

Chlorophenols:  Sodium  chlorophenylphenate  has  been  reported  to 
cause  mild  nocturia  and  dysuria  among  workers  exposed  for  prolonged 
periods.  This  effect  was  observed  in  apple  sorters.  One  patient  devel- 
oped dysuria  and  nocturia  after  using  a new’  mouth  wash  containing 
the  same  chemical  used  as  a germicide.  Complaints  cleared  when  the 
mouth  wash  was  stopped  (Quinby,  unpublished  data). 

Pest  trie  content  of  Atmmn  m itk. — In  1951,  results  of  analysis  of 
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32  samples  of  breast  milk  for  DDT  were  reported  in  the  United  States 
(Dang,  et  nl.,  1951).  Values  ranged  from  0.00  p.p.m.  to  0.77  p.p.m.* 
with  a mean  concentration  of  0.13  p.p.m.  In  none  of  the  cases  could  the 
high  values  be  correlated  with  unusual  exposure  of  DDT.  The  authors 
concluded  that  “as  yet  clinical  data  are  not  available  to  assess  whatever 
danger  may  be  associated  with  the  DDT  stored  in  the  fat  or  excreted 
in  human  milk  in  the  quantities  reported/’ 

Additional  reports  have  followed  from  the  United  States  and  a num- 
ber of  other  countries  which  describe  levels  of  DDT-derived  materials, 
dioldrin,  and  hexachlorocyclohexane  in  human  milk  (West,  1964; 
Egan,  et  al,  1965;  Quinby,  et  al,  1965;  Lofroth,  1968;  Curley,  et  ftl, 
1969). 

While  the  findings  reported  in  these  studies  vary  rather  widely,  it 
appears  that  presently  in  the  United  States  the  content  of  DDT- 
derived  materials  in  human  milk  ranges  from  0.05  to  0.37  p.p.m.,  prob- 
ably averaging  about  0.1-0.2  p.p.m.  Because  so  few  observations  are 
available  and  because  of  differences  in  analytical  techniques  used  by 
various  investigators,  these  data  are  not  suitable  for  the  formulation 
of  comparisons  either  by  time  or  place.  Thus,  with  regard  to  humar 
milk,  we  do  not  know  whether  the  level  of  DDT-derived  materials 
has  changed  du^ng  the  last  15  years  or  whether  differences  between 
various  geographic  areas  exist.  Precisely  the  same  can  be  said  for 
dieldrin  and  hexachlorocyclohexano,  although  both  appear  to  be  pres- 
ent in  human  milk  in  somewhat  smaller  quantities  than  DDT-derived 
materials. 

Of  even  greater  importance  than  our  lack  of  knowledge  regarding 
temporal  and  geographical  variations  in  the  content  of  organochlorines 
in  human  milk  is  our  ignorance  of  the  health  implications  of  their 
presence.  It  has  been  estimated  that  the  average  breast-fed  child 
ingests  daily  about  0.02  mg.  DDT-derived  materials  per  kilogram  of 
body  weight  (Dfi  roth,  1969).  This  amounts  to  twice  the  acceptable 
daily  intake  (ADI)  of  DDT-derived  materials  recommended  by  the 
World  Health  Organization.  The  difficulty  of  interpreting  this  ADI  in 
terms  of  risk  to  the  nursing  infant  is  reflected  in  the  fact  that  neither 
the  scientific  community  in  the  United  States  or  elsewhere  in  the 
world  has  recommended  that  breast  feeding  be  abandoned  in  favor  of 
other  methods  of  infant  nutrition.  Quite  the  contrary  has  been  the  case 
in  that  specific  recommendations  against  abandonment  of  breast  feed- 
ing have  been  made  (Dfifroth,  1969). 
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An  appratsal  of  hazards  to  man  from  long-term  exposure  to  pesticides 

A large  variety  of  chemical  substances  1ms  been  applied  on  a world 
wide  basis  in  recent  years  for  control  of  pests.  The  pests  against  which 
this  defense  is  developed  include  insects  and  arachiniids,  fungi,  nema- 
todes, rodents,  and  herbs.  The  substances  are  used  by  agricultural 
workers  to  combat  crop  pests,  by  health  workers  to  combat  infectious 
disease  vectors,  and  by  individual  householders  to  combat  home  and 
garden  pests.  Some  14  compounds  or  chemically  allied  groups  of  com- 
pounds constituted  about  half  the  total  volume  of  pesticide  produc- 
tion in  1966  while  a large  number  of  individually  uncommon  substances 
constituted  the  remainder.  (Table  1.)  Many  of  these  materials  have 
been  developed  during  World  War  II  and  more  recently.  During 
tbe  decade  of  the  1960’s  production  of  the  14  most  common  compounds, 
considered  as  a group,  has  been  generally  constant,  with  about  half 
the  compounds  falling  off  moderately  in  volume  and  half  increasing. 
The  total  volume  of  the  numerous  less  common  substances  has  approxi- 
mately doubled  as  a consequence  of  introduction  of  new  compounds 
and  increased  production  of  a number  of  the  previously  little  used 
substances. 
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Table  l. — U.S.  Pesticide  Production,  1000 
(Thousand  pounds) 


: Calcium  arsenate 2,890 

Lead  arsenate - 7,328 

f Copper  sulfate . - 103,410 

Aldrln-toxaphene  group ..  130,470 

\.  Benzene  hexachtorlde 1 0,778 

; DDT  141,349 

I Methyl  bromide 10,345 

t Methyl  parathion.. 35,  802 

i Parathlon  19, 444 

| Ferbara  1.370 

! Nabam  2.053 

\ Zineb  4,721 

\ 2,4-Daetd  08.182 

l Other  organic  pesticides 577,810 

1 *1063  production. 


Among  the  more  common  group  the  best  known  and  most  common 
j is  DDT,  and  this  compound  has  fallen  off  moderately  in  production. 

Another  well  known  group  consists  of  several  related  compounds,  the 
most  common  of  which  are  aldrin  and  dieldrin,  and  this  group  has 
increased  moderately,  approaching  DDT  in  volume  in  recent  years. 
The  sharpest  increase  has  been  in  parathion  and  methyl  parathion, 
which  have  approximately  tripled  but  are  still  produced  in  only  about 
one-third  the  volume  of  DDT. 

Acute  toxicity  associated  with  gross  overexposure  to  most  of  the 
common  compounds  has  been  observed,  and  it  may  be  assumed  that  all 
are  capable  of  toxicity  and  death  in  sufficient  dose.  Susceptibilities  of 
various  species  expressed  as  LD50  values,  have  been  assembled  by 
Hayes  (23)  for  many  pesticides  and  have  been  compared  with  human 
clinical  susceptibility  where  this  information  is  available. 

It  is  clear  that  vastly  extensive  use  of  such  toxic  compounds  might 
| have  effects  on  human  health  not  recognizable  as  acute  toxicity  syn- 

dromes. Recognition  of  the  true  nature  of  such  effects  might  be  ob- 
scured either  by  the  mildness  of  symptoms  or  by  the  long  latent  period. 
Much  research  has  been  reported,  largely  in  the  past  15  years,  con- 
| cerned  with  these  potential  effects.  This  paper  will  summarize  the 

principal  findings  of  this  literature,  will  discuss  the  implications  of 
time  trends  that  have  been  investigated,  and  will  attempt  to  identify 
areas  where  further  research  is  needed,  The  findings  can  be  conven- 
iently presented  in  three  general  categories,  namely  studies  of  the  dis- 
tribution of  pesticides  in  man’s  environment,  studies  of  tissue  levels  of 
pesticides,  and  studies  of  health  of  exposed  groups. 
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Pesticides  in  man's  environment— Accidental  exposure:  Haynes  (0) 
has  described  the  known  episodes  of  poisoning  “epidemics”,  in  which 
groups  of  people  have  been  made  ill  by  some  common  circumstance  of 
exposure*  The  present  paper  is  not  concerned  with  single  exposures, 
as  were  involved  in  all  these  epidemics,  but  the  nature  of  exposure 
involved  in  these  accidents  is  relevant  to  considerations  of  illness  due 
to  long  continued  exposure.  In  no  instance  did  an  acute  poisoning 
episode  result  from  minor  carelessness  with  specified  tolerances.  Rather 
these  episodes  followed  gross  spillage  of  bulk  pesticides.  In  most 
episodes  the  pesticide  was  spilled  on  food,  but  in  one  instance  it  was 
spilled  on  boy’s  pants.  Poisoning  resulted  from  contact  when  the  pants 
were  worn.  In  another  instance  a fungicide  used  for  seed  treatment 
caused  poisoning  when  the  seeds  were  eaten.  The  treatment  was  a 
preparation  for  planting,  and  it  was  never  intended  that  the  seeds 
should  be  eaten. 

Occupational  exposure:  Durham  and  others  (31)  described  occupa- 
tional exposures  in  a series  of  job  categories,  ordered  in  terms  of 
relative  intensity  of  exposure.  From  greatest  to  least  exposures  these 
were  (a)  mixing  plant  personnel,  (b)  ground  applicators,  (c)  pilots 
(of  spraying  planes),  (d)  loaders  and  flagmen,  and  (e)  warehousemen. 

Laws  and  others  (30)  classified  individual  workers  according  to  the 
subjective  rating  given  by  their  supervisors  and  the  workers  them- 
selves as  to  intensity  of  exposure. 

Some  of  the  difficulties  of  such  a classification  become  apparent  in 
Stein  and  Hayes1  study  (2)  of  pest  control  operators.  For  this  study 
the  cooperation  of  the  National  Pest  Control  Association  was  obtained. 
It  was  learned  that  the  average  number  of  employees  of  member  com- 
panies of  the  association  was  6.2.  Law’s1  study  showed  that  of  1,098 
former  employees  of  one  large  company,  in  operation  for  19  years,  only 
292  had  worked  for  6 months  or  more. 

This  then  is  in  large  part  a group  of  small  businesses  with 
highly  transient  workers.  Workers  move  from  one  type  of  work  to  an- 
other within  this  occupation  and  deal  with  a variety  of  pesticides  from 
day  to  day.  Recognized  occupational  toxicity  is  heavily  concentrated 
in  body  surface  injury,  skin  conditions,  eye  conditions,  and  chemical 
bums.  Respiratory  conditions  are  less  common.  Systemic  poisoning 
accounts  for  a large  proportion  of  cases,  and  it  may  be  presumed  that 
the  routes  of  intake  include  skin  absorption,  respiratory  tract  absorp- 
tion, and  oral  ingestion. 

Quantitative  estimates  of  occupational  exposures  have  been  made 
for  DDT  and  dieldrin  by  reference  to  accumulated  deposits  of  these 
compounds  in  body  fat  of  the  workers.  Durham  (3G)  has  prepared  a 
graph  from  data  of  various  investigators  indicating  concentrations  in 
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fat  corresponding  to  constant  dietary  intakes  of  DDT  and  dieldrin. 
By  use  of  this  relationship  it  is  passible  to  say  that  a specified  occupa- 
tional exposure  is  “equivalent”  to  a known  constant  dietary  intake 
of  pesticide.  In  this  sense  Laws'  high~exposnre  workers  have  an  intake 
corresponding  to  a dietary  intake  of  18  mg.  per  day  DDT,  while  his 
medium-  and  low-exposure  men  have  intakes  corresponding  to  G.2  and 
3.(1  mg.  per  day,  respectively.  These  values  may  be  compared  with  an 
estimated  0,2  mg,  per  day  DDT  in  diets  of  “general  populations,”  to  be 
discussed  below.  Thus  some  workers  appear  to  have  chronic  occupa- 
tional exposures  almost  100  times  common  general  population 
exposures. 

Heavy  environmental  exposure : Qnimby  and  others  ( J)  have  studied 
populations  living  within  500  feet  and  within  5,200  feet  of  regions 
undergoing  agricultural  application  of  pesticides.  No  actual  measures 
of  air  concentration  or  food  contamination  for  these  people  are  re- 
ported, but  in  terms  of  fat  concentrations  no  unusual  intake  appears 
to  have  occurred  as  a result  of  this  proximity  to  pesticides. 

General  population  exposure:  A number  of  investigators  have  made 
estimates  of  exposures  to  pesticides  relevant  to  general  populations. 
Campbell  and  others  (32)  give  the  following  estimates  for  the  total 
of  DDT  and  its  most  common  degradation  product  DDE  (table  2). 

The  estimate  for  food  in  table  2 is  derived  from  a number  of 
detailed  studies,  discussed  further  below.  The  estimates  for  air  and 
water  are  based  on  very  few  observations  and  the  category  “Other” 
is  largely  speculative.  The  principal  conclusion  drawn  by  the  authors 
is  that  the  food  component  is  of  overwhelming  importance.  While  this 
pattern  of  exposure  probably  represents  the  great  majority  of  the 
U.S.  population  to  a reasonable  approximation,  there  is  reason  to 
suppose,  that  the  picture  is  rather  different  for  a substantial  minority. 
This  conclusion  follows  from  the  population  distribution  of  pesticide 

Table  2. — Annual  infake  DDT  plus  DDE 

DDT  plus  m>E 

Annual  Intake  Concentration  mg. 


Air 13,000  mV 2X 10-4  microgm  per  m* 

Water - 0.304  m1.. 0.02  parts  per  billion 

Food - 560  kg. 0.08  parts  per  million  _ _ . 

Other  1 - - 

Total-  -- - 


0.  03 
0.  01 
44.  8 
5.  0 (?) 
50.  0 (?) 


1 Other  includes  skin  adsorption  and  intake  resulting  from  individual  household 
use. 
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concentrations  in  f(it,  to  bo  discussed  below.  This  distribution  charac- 
teristically shows  up  to  10  percent  of  individuals  with  pesticide  con- 
centrations in  fat  higher  than  reasonably  explained  by  observed 
distributions  of  these  substances  in  diet.  While  some  of  these  are  prob- 
ably individuals  with  occupational  exposures  not  identified  in  the 
research,  it  must  be  considered  that  the  category  “Other”  in  table  2 
may  become  the  predominant  component  of  pesticide  intake  in  many 
instances.  This  could  occur  with  habitual  unregulated  household  use 
and  other  unusual  habits  of  exposure  practiced  by  a few  percent  of 
general  populations. 

The  principal  quantitative  data  on  exposure  to  pesticides  for  general 
populations  comes  from  food  studies.  Duggan  and  Weatherwax  (30) 
have  reported  one  such  study  and  have  reviewed  a number  of  others. 
These  studies  establish  the  ubiquitous  distribution  of  a wide  variety  of 
pesticides  in  U.S.  diets.  Chlorinated  organic  pesticides  are  present  at 
detectable  levels  in  all  foods  except  beverages.  Approximately  half  the 
consumed  pesticide  load  is  in  meat,  fish,  poultry,  and  dairy  products. 
It  may  be  mentioned  that  the  pesticide  in  these  foods  results  from 
consumption  of  pesticide  by  the  animals  involved  and  not  from  direct 
application  of  pesticides  to  the  animal  products. 

Hayes  (6)  has  shown  a significant  difference  in  dietary  intake  for 
the  following  dietary  categories:  (a)  low  values  in  diets  of  “meat 
abstainers”  (individuals  who  permit  only  certain  limited  use  of  meat 
in  their  diets),  (&)  intermediate  values,  in  the  range  of  0.2  to  0.3  mg. 
per  day  of  DDT  plus  DDK,  in  institutional  meals  of  restaurants, 
prisons,  and  hospitals,  and  (c)  high  values,  averaging  0.5  mg.  per  day, 
in  household  diets.  DDT  is  present  in  both  cow’s  milk  and  human  milk, 
in  somewhat  higher  concentration  in  human  milk.  Milk  tests  up  until 
thedateof  this  1966  paper  hadshown  no  increasein  DDT  concentration 
since  1950. 

Campbell  and  others  (2)  have  assembled  a number  of  detailed 
reports  indicating  concentrations  of  a variety  of  pesticides  in  a number 
of  foods  and  in  various  parts  of  the  United  States. 

Pesticides  in  body  tissues, — An  extensive  literature  describes  the 
findings  of  many  investigators  who  have  studied  pesticide  levels  in 
body  tissues.  The  greatest  part  of  these  reports  concerns  studies  of  fat 
obtained  at  autopsy.  A smaller  number  of  biopsy  samples,  usually  ob- 
tained at  the  time  of  surgery  for  a variety  of  operative  procedures, 
generally  agree  with  autopsy  findings.  Radomski  and  others  (16)  in 
1968  extended  this  type  of  study  to  include  concentrations  in  liver  and 
brain,  and  Casarett  and  others  (17)  studied  some  12  different  tissues. 
Davies  and  others  (21)  have  studied  blood  levels  and  have  emphasized 


385 


the  value  of  this  technique  for  obtaining  samples  from  largo  numbers 
of  living  individuals  with  minimal  trauma. 

Hayes  (37)  has  studied  volunteers  exposed  to  doses  of  3.5  mg.  per 
day  and  35  mg.  per  day  DDT.  The  establishment  of  an  equilibrium 
level  of  DDT  in  fat  lias  been  shown  to  result  in  about  12  months  on 
these  levels  of  exposure,  and  the  attained  equilibrium  level  has  l>een 
shown  to  increase  with  increased  exposure.  The  principal  degradation 
product  of  DDT  is  DDK,  and  this  compound  is  also  stored  in  fat.  The 
equilibrium  condition  between  oral  intake,  deposited  DDT,  and  de- 
posited DDK  is  not  attained  within  12  months  and  is  the  subject  of 
continued  study. 

Variations  of  DDT  concentrations  in  body  tissue  with  age,  sex,  race, 
geographic  location  in  the  United  States,  and  in  a number  of  countries, 
occupational  exposure,  diet,  and  time  have  been  studied.  Davies  and 
others  (3/)  have  done  an  extensive  study  of  this  sort,  based  on  a vari- 
ety of  available  populations,  including  autopsies,  mothers  undergoing 
Caesarean  section,  newborns,  children,  certain  employee  groups,  and 
institutional  inmates.  The  total  of  these  populations  is  500  individuals, 
and  demographic  subgroups  by  age,  race,  and  sex  ai*e  in  many  cases 
represented  by  very  small  numbers.  Some  findings  of  this  study  are 
the  following; 

Newborn  infants  and  cord  blood  have  easily  detectable  levels  of 
DDT  and  its  products. 

Race  and  sex  differences  are  not  demonstrable  at  birth  with  the 
sizes  of  samples  used. 

Levels  at  age  0 to  10  years  are  substantially  higher  than  those  of 
infants,  but  for  most  groups  tlicre  are  no  substantial  further 
increases  in  concentration  with  age  10  and  higher, 

levels  for  Negroes  are  substantially  higher  than  those  of  whites 
at  similar  ages,  same  sex. 

Sex  differences  are  small  and  inconsistent  for  white  populations, 
but  for  Negroes  male  levels  are  higher  than  female. 

These  findings  agree  in  general  with  those  of  other  investigators. 

Pesticides  other  than  DDT  and  DDK  have  been  studied  in  tissue 
deposits  in  several  investigations,  but  the  wealth  of  detail  has  not  yet 
been  obtained.  Wasserman  and  others  have  demonstrated  dieldrin  in 
autopsy  tissue  from  several  countries  (5).  Robinson  and  others  (8) 
failed  to  detect  endrin  or  heptachlor  but  did  demonstrate  lindane  in 
small  quantities  andllKOD  (residue  of  nldrin  and  dieldrin)  in  mode- 
rate quantities  in  England.  Casa  ret  t and  others  have  reported  levels 
of  heptachlor  and  of  dieldrin  in  a number  of  autopsy  tissues  (17). 
Dale  and  others  (IS)  have  shown  levels  of  hexachlorcyclohexane, 
dieldrin,  and  heptachlor  in  populations  of  India.  Edmundson  and 
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others  ( 20 ) have  studied  variations  of  dieldrin  by  age,  sex,  and  race, 
with  the  general  observation  that  these  variations  are  less  than  corre- 
sponding demographic  differences  for  DDT  levels.  Hoffman  and  others 
have  shown  that  in  Chicago  lindane  the  only  pesticide  other  than 
DDT  found  rcguarly  in  autopsy  fat  (27  and  35).  Zarvcn  and  others 
(28)  have  failed  to  demonstrate  endrin  but  have  found  lindane  and  hep- 
tachlor  epoxide  in  samples  from  four  areas  within  the  United  States. 

A number  of  geographic  comparisons,  within  the  United  States  and 
between  countries,  are  presented  in  the  above  material  on  both  DDT 
and  other  compounds.  Edinundson  and  others  (2 0 ) have  emphasized 
the  need  for  caution  in  most  such  comparisons  because  of  lack  of  in- 
formation as  to  demographic  characteristics  of  the  population  samples 
used  in  different  studies. 

One  of  the  most  important  correlates  of  pesticide  levels  from  the 
point  of  view  of  assessing  general  population  hazard  is  time.  Campbell 
and  others  (32)  have  presented  table  3 as  indicative  of  time  trends: 


Table  3. — Percent  distribution  of  DDT  levels  in  Auman  fat,  as  determined 
by  several  investigators 


Range  p.p.m. 

1951 

1956 

1958 

1963 

20 

0 

3 

1 

0.1  to  1 

9 

0 

0 

20 

1 to  5 

28 

25 

69 

65 

5 to  10 

28 

61 

25 

13 

10  to  20 

12 

14 

3 

1 

Over  20 

3 

0 

0 

0 

Total 

100 

100 

100 

100 

Hoffman  and  others  (35)  in  discussing  these  and  similar  data  for 
DDT  and  other  compounds  conclude  that  the  storage  of  DDT  products 
in  human  fat  has  not  increased  in  the  period  1951  to  1966.  Davies  and 
others  (21)  argue  against  accepting  this  conclusion  in  view  of  the 
lack  of  strict  comparability  of  populations.  It  may  be  noted  that 
Edinundson  (20)  and  Davies  (21)  are  correctly  pointing  out  potential 
errors  in  data  analysis  but  are  not  showing  that  the  deficiencies  noted 
have,  in  fact,  resulted  in  any  error  in  interpretation  of  trends. 

Medical  findings  in  relation  to  pesticide  exposure . — To  assess  the 
hazard  of  pesticides  to  health,  studies  have  been  made  of  physical 
findings,  symptoms,  and  laboratory  findings. 

Laboratory  studies  may  serve  both  as  measures  of  exposure  and  as 
measures  of  resulting  pathology.  The  tissue  levels  of  chlorinated 
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hydrocarbons,  discussed  above,  are  generally  interpreted  as  measures 
of  exposure.  Similarly  levels  of  DDA  in  urine,  the  principal  degrada- 
tion form  of  DDT  in  urine,  and  pnrnnitrophenol  in  urine,  the  major 
metabolite  of  paratliion,  reflect  exposure  and  are  not  considered 
measures  of  pathology. 

This  distinction  between  measures  of  exposure  and  measures  of 
effect  is  not  always  clear.  Thus  Casarett  and  others  (17)  and  Hayes 
(23)  have  discussed  the  possibility  that  DDT  levels  in  fat  may  them- 
selves constitute  a health  hazard.  Rapid  mobilization  of  fat  in  nutri- 
tional deprivation  may  result  in  sufficiently  high  residual  DDT  levels 
to  produce  conventional  toxicity,  llayes  notes  that  this  is  theoretically 
possible,  since  the  elimination  of  fat  is  more  rapid  than  that  of  DDT. 
It  is  not  possible  to  see  sncli  a result  with  stored  dieldrin,  since  dicldrin 
is  excreted  more  rapidly  than  fat,  Such  toxicity  has  actually  been 
demonstrated  for  DDT  in  rats  in  laboratory  experiments. 

Decrease  in  plasma  cholinesterase  frequently  serves  as  an  indicator 
of  exposure  to  organic  phosphorus  insecticides,  but  extreme  depression 
of  cholinesterase,  seen  in  acute  toxicity,  is  itself  an  emergency  path- 
ologic finding.  Whether  chronic  mild  reduction  of  cholinesterase  is 
pathologic, and  if  soat  what  level, is  not  known. 

Similar  considerations  are  relevant  to  abnormal  distributions  of 
serum  and  urine  amino  acids  in  agricultural  pesticide  workers  described 
by  Davies  and  others  (f2),  to  abnormal  renal  phosphorus  reabsovp- 
tion  described  by  Mann  and  others  (7,  /0),  and  to  stimulation  of  liver 
microsomal  enzymes  discussed  by  Radoinski  and  others  (16) , Thomp- 
son and  others  (34) , Davies  and  others  (33) , and  Hayes  (23),  These 
laboratory  findings  are  not  known  to  be  associated  with  any  sympto- 
matic illness.  The  possibility  is  under  investigation,  however,  that  one 
or  another  of  these  deviations  may  interfere  with  physiologic  response 
to  disease  or  with  metabolism  of  drugs  or  of  other  toxins, 

The  reports  to  be  discussed  in  the  following  paragraphs  are  con- 
cerned with  relations  between  pesticide  exposure  and  measures  of 
morbidity  and  mortality.  These  include  studies  of  specific  diseases  in- 
vestigated because  of  suspicion  raised  by  the  toxicologic  nature  of  the 
drugs  or  because  of  acute  toxicity  effects.  Also  in  hided  are  studies  of 
general  diagnostic  distributions,  designed  to  identify  diagnoses  as- 
sociated with  pesticide  exposure  but  not  suggested  by  any  prior  in- 
formation, and  studies  of  such  general  measures  as  overall  morbidity, 
overall  mortality,  work  absenteeism,  and  length  of  hospital  stay. 

7.  Specific  morbidity  conditions : (a)  Blood  dyscraxia-s. — Three 
pesticides,  chlordnne,  gamma  benzene  hexacliloride,  and  paratliion 
were  categorized  by  the  American  Medical  Association  in  1965  as 
known  hemotoxic,  with  effects  aplastic  anemia  (all  3 pesticides), 
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] thrombocytopenia,  leukopenia  erythroid  hypoplasia  (chlordane  and 

gamma  benzene  hexachloride  are  listed  as  associated  with  the  last  3 
j effects).  Hayes  (9)  and  Christophers  (13)  have  questioned  the  evi- 

! deuce  on  winch  these  listings  are  based.  Brown  (19)  has  received  the 

i studies  reporting  associations  and  lists  an  increased  leukopenia  in  a 

) group  of  apple  growers  (39) , a myelogenic  blood  dyscrasia  following 

t exposure  to  benzene  hexachloride,  and  a number  of  case  reports  of 

blood  dyscrasias  associated  with  lindane  (gamma  benzene 
hexachloride). 

5 (6)  Neurologic  abnormalities . — Durham  and  others  (31)  investi- 

gated the  familiar  complex  of  central  nervous  system  symptoms 
following  severe  poisoning  by  organic  phosphorus  compounds  to  de- 
termine whether  a mild  form  of  this  complex  was  found  at  low  levels  of 
exposure.  In  a study  of  workers  with  a variety  of  degrees  of  pesticide 
exposure  together  with  a group  of  individuals  with  no  known  exposure 
these  authors  were  unable  to  demonstrate  any  correlation  between 
mental  alertness  and  exposure.  They  did  repeat  the  finding  of  previous 
studies  of  a decrease  in  alertness  as  part  of  the  symptom  complex  of 
acute  poisoning,  and  they  concluded  that  these  symptoms  were  dem- 
onstrable only  at  exposure  levels  sufficient  to  cause  other  clinical  signs 
of  systemic  illness.  Hayes  (5)  came  to  a similar  conclusion  in  a study 
of  lapsesof  attention  following  pesticide  use. 

Davignon  and  others  (3.9)  studied  441  apple  growers  together  with 
smaller  numbers  of  persons  living  in  the  environment  of  the  apple 
growers,  but  not  involved  in  the  cal’©  of  the  orchards.  A control  group 
of  162  people  with  neither  occupational  nor  environmental  exposure 
was  studied.  Neurologic  abnormalities  were  identified  both  by  medical 
history  and  by  special  neurologic  physical  examination.  Growers 
showed  increased  objective  neurologic  signs,  and  environmentally  ex- 
posed persons  showed  intermediate  rates  between  growers  and  con* 
trols.  A similar  conclusion  was  found  by  relating  frequency  of  find- 
ings to  duration  of  exposure  for  the  growers.  Subjective  neurologic 
symptoms  were  reported  significantly  more  often  in  the  growers  and 
environmental  contacts,  with  the  contacts  showing  a somewhat  higher 
frequency  than  the  growers.  The  authoi-s  note  age  and  sex  differences 
among  the  three  groups  studied  and  suggest  that  a part  of  the  neuro- 
logic differences  described  may  be  attributable  to  these  two  variables. 
y No  analysis  is  undertaken  to  take  this  into  account. 

(c.)  Respiratory  symptoms  and  signs. — One  study  of  home  use  of 
pesticides  in  Hawaii  showed  reduced  ventilatory  function  and  higher 
I prevalence  of  asthma  associated  with  frequent  application  of  spray 

insecticides. 
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2*  General  Measure#  of  morbidity  and  umrUiUtij. — (a.)  Stein  and 
others  (2)  obtained  (lain  on  the  entire  illness  history  of  employees  of 
firms  belonging  to  the  National  Pest  Control  Association  and  their 
household  members,  including  household  members  who  had  died  with- 
in 15  years  prior  to  study.  These  data  were  obtained  by  means  of  a 
mailed  questionnaire.  The  authors  conclude  that  the  data  give  no  in- 
dication that  exposure  to  pest  icicles  has  affected  health  of  personnel 
to  any  significant  degree. 

A number  of  methodological  problems  wore  encountered  in  this 
report.  Kcsponse  was  obtained  from  only  12  percent  of  member  com- 
panies and  from  only  20  percent  of  employees.  The  survey  was  directed 
only  at  employees  currently  active  at  the  time  of  survey  so  would  not 
include  persons  who  had  left  employment  except  in  the  case  of  in- 
active employees  who  were  reported  as  members  of  households  of  ac- 
tive employees.  Although  the  questionnaire  asked  about  all  present 
and  past  illness  excluding  colds,  influenza,  and  childhood  disease,  only 
14  percent  of  employees  who  returned  questionnaires  reported  any  dis- 
ease at  all.  This  is  compared  by  the  authors  with  the  finding  of  40 
percent  found  to  have  disease  in  a health  examination  survey  in  an- 
other industry.  The  principal  comparison  as  to  illness  is  made  bet  ween 
servicemen,  clerks,  and  administrators.  Only  7 percent  of  clerks  re- 
ported any  illness  and  over  half  of  these  failed  to  answer  the  question 
as  to  years  of  pesticide  exposure.  As  the  authors  note,  the  clerks  ap- 
parently thought  the  questionnaire  did  not  apply  to  them.  It  is  not- 
clear  that  administrators  had  greatly  different  exposure  history  from 
servicemen.  At  least  83  percent  of  servicemen  and  78  percent  of  ad- 
ministrators had  worked  with  pesticides  for  over  a year,  and  the 
median  number  of  years  exposed  is  actually  greater  for  administrators. 
Thus  methodology  seems  to  invalidate  any  comparison  with  other 
studies,  and  the  only  available  internal  comparison  involves  two 
groups  whose  diff  erential  exposure  is  unknown  and  may  be  very  small. 

{ b ) Hayes  (.9)  and  Hayes  and  others  (37)  have  described  the  health 
of  volunteers  who  ingested  DDT  3.5  mg.  per  day  and  35  mg.  per  day 
for  21  months  and  were  observed  for  another  27  months.  Tiie  study 
has  given  some  of  the  most  satisfactory  data  available  on  metabolism 
of  DDT  in  humans.  The  general  health  of  the  participants  was  also 
studied,  but  metliodologio  problems  limit  the  usefulness  of  Hat  part 
of  the  study.  The  authors  report  that  no  illness  was  observe  : 0 it  did 
not  have  an  easily  recognized  cause  clearly  unrelated  to  e sure  to 
DDT. 

The  study  included  34  volunteers  assigned  to  ingestion  of  DDT  at 
either  3.5  mg.  per  day  or  35  mg.  per  day.  One  of  these  dropped  out 
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before  the  first  dose  and  two  more  dropped  o i (ho  first  month* 
Only  10  completed  1 year,  three  on  the  3.5  mg.  schedule  and 

se/en  on  the  35  mg.  per  day  schedule.  Only  foui  * d 18  months, 

all  on  the  35  mg.  per  day  schedule.  An  extensive  health  evaluation  with 
special  reference  to  neurologic  findings  was  made  at  the  time  of  ending 
study  for  eacli  individual.  A variety  of  symptoms  reported  by  one 
volunteer  arc  attributed  by  t lie  authors  to  “psychoneurosis,”  though 
no  psychiatric  evaluation  is  reported.  It  is  said  that  changes  were  ob- 
served in  various  volunteers  in  weight,  blood  picture,  and  vital  signs, 
but  none  was  correlated  consistently  with  increased  dosage  of  DDT  or 
with  increased  duration  of  exposure.  Clearly  with  these  small  numbers 
of  subjects  a correlation  would  have  to  be  very  high  indeed  to  become 
apparent,  and  one  could  hardly  antiepate  a statistically  significant 
result.  An  extensive  series  of  neurologic  tests  was  done,  including  tests 
for  loss  of  coordination  and  tremor.  All  participants  remained  normal 
in  regard  to  these. 

(c)  Drown  (19)  reviews  two  additional  studies  of  general  health 
of  heavily  exposed  groups.  One  study  showed  no  ill  effects,  while  the 
other  showed  only  transient  changes  in  electroencephalograms  with 
complete  recovery  on  removal  from  exposure.  This  latter  study  in- 
volved 300  workers  observed  over  1,300  man  years’  exposure.  Brown 
concludes  (hat  there  is  little  evidence  to  suggest  a threat  to  health  from 
current  use  of  organioehloridc  i>csticides. 

(d)  Laws  and  others  («?£)  made  an  intensivo  study  of  35  heavily 
exjxjsed  DDT  production  workers.  Workers  were  categorized  as  high, 
medium,  or  low  exjx)sure  subjects.  A large  number  of  abnormalities 
of  physical  examinations  and  laboratory  tests  are  rej>orted.  These  are 
not  listed  separately  for  the  three  exposure  groups,  though  with  the 
small  total  it  is  understandable  that  no  such  comparison  was  attempted. 
The  authors  note  that  none  of  several  other  |>opnlation  health  studies 
is  appropriate  for  comparison.  Two  findings  arc  thought  to  represent 
possibly  increased  frequency  of  pathology,  namely  8.6  |>ercent  diabetes 
mollitus  (three  cases)  and  14  j>oncent  increased  lymphocytc/granulo- 
cyte  ration  (five  cases).  The  authors  conclude  that  their  findings  over- 
all do  not  differ  significantly  from  those  one  might  ex|>e<t  from  a group 
of  similar  ago  and  socioeconomic  status  without  Dl/f  exposure. 

(r)  Three  studies  present  data  from  autopsy  material  trialing  j>es* 
ticido  levels  to  pathology  (t0%  t7,36).  The  principal  positive  finding 
re|>nrted  by  (’asatvlt  and  other  (/7)  was  an  increased  level  of  orga* 
nochloride  pesticides  in  patients  with  all  three  of  cachexia,  carcinoma, 
and  liver  disease.  Kadomski  and  others  ( 16 ) found  increased  pesticide 
concent  rations  in  patients  with  any  of  the  conditions  cirrhosis  of  liver, 
carcinoma,  or  hypertension.  The  t flint  paper  (36)  found  no  positive 


associations  between  pathology  and  pesticide  level.  The  specific  triad 
noted  by  Oasarett  was  not  investigated  in  this  paper,  though  liver 
diseases  and  cancer  considered  separately  were  investigated  and 
showed  no  suggestive  relationship. 

Tho  authors  of  the  two  studies  with  positive  findings  carefully  avoid 
implying  a causal  effect  of  pesticides.  Radomski  and  others,  however, 
are  able  to  exclude  the  oxplnnat  ions  of  length  of  hospital  stay  or  inani- 
tion as  mechanisms  for  producing  nvtifactual  associations. 

Discussion* — The  material  that  has  been  described  |>oints  to  two 
suggestive  conclusions.  First,  it  is  suggested  that  pesticides  currently 
in  use  are  resj>onsiblc  for  little  or  no  human  morbidity  or  mortality 
other  than  that  of  acute  toxic  episodes  due  to  massive  exposure.  Second, 
it  is  suggested  that  a physiologic  equilibrium  has  been  reached  with 
tho  present  level  of  exposure  to  DDT  and  that  continued  exposure 
at  this  level  will  result  in  no  additional  tissue  accumulation  in  humans. 

1.  Hazards  of  current  pesticide  use, — A number  of  exceptions  to  the 
first  conclusion  have  been  noted.  These  include  the  following: 

(a)  Leukopenia  in  apple  growers 

(&)  Neurologic  signs  and  symptoms  in  apple  growers 

(c)  Respiratory  signs  and  symptoms  in  home  sprayers 

(d)  Transient  changes  in  electroencephalograms  in  orgauo-chlo- 
rido  pesticide  workers 

(c)  Cachexia,  carcinoma,  liver  disease,  and  hypertension  asso- 
ciated with  elevated  pesticide  tissue  levels  at  autopsy. 

Ill  addition  individual  case  histories  of  certain  hematologic  condi- 
tions ill  persons  with  |>esticidocx|>osurehave  been  interpreted  by  some 
as  evidence  of  hcmotoxicity.  Finally  certain  lalxiratory  findings  unas- 
sociated with  clinical  disease  have  l>ceii  proposed  as  evidence  of  organ 
damage  with  |>otcntial  delayed  effects  in  morbidity  or  mortality.  The 
paucity  of  conditions  listed  here  and  the  general  lack  of  confirmation 
among  studies  gives  only  weak  supjiort  to  the  argument  of  a health 
hazard  from  occupational  or  general  imputation  ex|xisure  to  )>cst  icicles, 

A number  of  negative  studies  have  also  lieen  dcscril?cd,  and  we  can 
examine  the  strength  of  this  negative  evidence.  Several  of  these  in* 
voire  extremely  small  immlcrs  of  exposed  individuals.  Such  small 
samples  are,  of  course,  appropriate  only  for  identifying  extremely 
common  conditions  at  the  exjiosure  levels  studied.  Mctliodologir  prob- 
lems haw  Ipecn  discussed  which  largely  negate  the  findings  of  a mailed 
questionnaire  study  (2).  Several  studies  of  occupational  groups  are 
concerned  with  the  health  of  presently  employed  individuals  but  pre- 
sent no  information  on  discontinued  employees.  Autopsy  studies  are 
as  unsatisfactory  in  presenting  negative  evidence  as  with  |>osilivc 
associations. 


Hayes  (23)  has  presented  nn  excellent  review  of  toxicological  prin- 
ciples  related  to  the  present  problem.  He  points  out  the  generality  of 
dose-response  relationships  and  the  necessity  of  taking  advantage  of 
these  relationships  in  studying  hazards  associated  with  low  doses.  I^ow 
level  OPT  exposure  is  essentially  universal,  thus  making  unexposed 
controls  unavailable.  Nevertheless  much  can  !>e  determined  about  low 
level  hazards  from  study  of  populations  exposed  at  a variety  of  rela- 
tively higli  levels.  As  a general  rule,  if  the  incidence  of  some  path- 
ologic condition  lias  been  determined  at  some  high  dose,  t he  same 
condition  may  he  expected  at  low  incidence  at  some  lower  doses,  often 
with  a longer  latent  period,  The  dosc-incidence  relationship  may  be 
such  as  to  suggest  a zero  incidence  at  some  finite  dose,  the  “threshold” 
dose,  and  all  lower  doses.  The  dose-latent  period  relationship  may  im- 
ply a Intent  period  longer  than  life  expectancy  for  some  low  dose. 
Commonly  a given  dose  is  more  toxic  when  administered  over  an  ex- 
tended time  period  than  when  administered  in  a single  exposure.  This 
increased  effect  with  long-term  exposure  is  often  of  the  order  of  a 
doubling  effect  and  is  rarely  as  much  as  a 10-fold  effect.  As  Hayes 
l>oints  out,  the  concept  of  zero  incidence  is  of  limited  usefulness  and 
must  be  taken  in  relation  to  the  size  of  population  under  consideration. 
If  an  apparent  threshold  has  been  established  in  studies  of  100  exposed 
individuals,  it  must  Iks  understood  that  a lower  apparent  threshold 
would  probably  Ik*  found  in  studies  of  1,000.  These  general  principles 
do  not  l>erinit  any  precise  quantitative  extrapolations  from  high  dose 
to  low  dose  risks.  One  can,  however,  speculate  as  to  the  nature  of  dose- 
i'esj)onsc  relationships  and  the  consequent  low  dose  risk. 

Hayes  has  given  fi  mg.  per  kg.  as  the  lowest  DDT  single  oral  dose 
with  known  clinical  effect*  while  10  per  kg.  is  said  to  result  in  clinical 
effect  in  50  |>erccnt  of  ex|xiscd  |>ersous.  If  the  lowest  dose  with  clinical 
effect  has  been  determined  in  oliservations  of  imputations  of  100  ex- 
|>osed  to  this  rather  massive  dose,  it  implies  an  observed  incidence  of 
at  least  1 ]>ercent . It  may  l)C  further  sup|>osed  that  the  observed  inci- 
dence was  probably  less  than  10  |)orcent,  since,  if  as  many  as  10  indi- 
viduals had  shown  a clinical  effect  at  this  dose,  several  would  probably 
have  shown  an  effect  at  a somewhat  lower  dose.  Occupational  exi>o- 
sn res  and  ex|)crimental  exposure  of  volunteers  have  involved  repented 
daily  oral  doses  of  u.5  mg.  |>er  kg., or  one-twelfth  the  lowest  single  oral 
dose  with  known  clinical  effects.  Whether  daily  doses  of  0.f>  mg.  i>er 
kg.  continued  for  periods  of  months  constitute  a greater  or  less  insult 
than  a singleoml  dose  of  0 mg.  per  kg.  is  not  clear, but  it  seems  reason- 
able that  these  may  represent  similar  orders  of  magnitude.  These 
heavily  ex|>osed  workers  and  volunteers  were  therefore  probably  at 


risk  of  1 to  10  percent  clinical  effects,  and  with  the  small  sizes  of 
populations  studied  it  is  not  surprising  that  no  effect  was  demonstrated. 

Lightly  exposed  workers  and  some  individual  heavy  pesticide  users 
probably  experience  lower  exposure  by  a factor  of  10,  and  present 
day  populations  with  only  dietary  and  incidental  exposure  experience 
lower  cxi>osiircs  by  a factor  of  100  (i.e.  0.005  mg.  per  kg.  per  day  or 
0.35  mg.  per  day  for  an  average  sized  man).  If  we  imagine  linear 
dose  response  curves  with  no  threshold,  the  incidences  of  clinical 
effects  would  he  0.1  to  1 j)ereent  for  lightly  exposed  workers  and 
0.1  to  1 per  1,000  for  present  day  populations.  The  available  negative 
studies  generally  involve  populations  too  small  to  identify  incidences 
in  this  range.  Long  latent  periods  may  occur  at  low  doses,  and  most 
present  studies  are  inappropriate  for  investigating  such  effects.  It  lias 
been  noted  that  studies  of  active  workers,  without  followup  of  dis- 
continued workers,  will  systematically  tend  (o  miss  any  serious  condi- 
tion whose  prodromes  influence  continuing  employment.  The  mild 
neurologic  symptoms  (.?/)),  respiratory  symptoms  (.{),  and  “psycho- 
neurosis4’  (37)  noted  in  various  studies  could  result  in  such  a selective 
bias. 

If  only  trivial  diseases  are  involved,  incidences  of  the  order  of  0.1 
to  1 percent  in  occupational  exposure  and  0.1  to  1 per  1,000  in  general 
|H>pulat  ions  can  probably  lx*  accepted  ns  commensurate  with  flic  1>oiip- 
ficinl  results  of  |>esticidcs.  If,  however,  serious  conditions  with  obliga- 
tory Intent  j>eriods,  such  ns  malignancies  requiring  n cell  multiplica- 
tion interval  for  recognition,  are  involved,  these  risks  may  not  be 
acceptable.  Other  late  ap|>earitig  conditions  that  may  be  considered 
arc  neurologic  degenerative  conditions  and  ebronic  obstructive,  respi- 
ratory disease.  The  ]>ossibility  of  malignancies  is  suggested  by  corre- 
lations found  in  autopsy  material  ( !G . 17)  and  by  laboratory  animal 
studies  (A?).  It  should  I*  emphasized  that  the  authors  of  nil  these 
reports  have  cautioned  ngninst  n cnnsal  interpretation  in  human  malig- 
nancies but  rather  have  indicated  an  area  in  which  jmsitive  findings 
remain  unexplained. 

2.  Time  i tends  of  hazatd*. — The  principal  data  relative  to  time 
trends  relate  to  tissue  levels  of  DDT,  nnd  the  general  finding  is  a con- 
stant level  over  recent  years  or  a moderate  fall  in  level.  Methodologic 
difficulties  with  this  evidence  have  l>ccn  discussed  and  relate  to  lack 
of  comparability  of  survey  procedures  nt  different  |>eriods  of  time. 
The  difficulties  might  work  either  to  exaggerate  or  to  ol*scure  time 
trends.  There  is  no  evidence  specifically  suggesting  that  increasing 
hazards  hnvol>ecn  overlooked. 

A similar  conclusion  comes  from  oliscrvntions  of  DDT  levels  in 
foods  l>eing consumed  by  humans. 


Durham  (14)  has  suggested  that  a similar  steady  state  lias  been 
reached  for  dieldrin.  For  other  pesticides  time  studies  are  unavail- 
able or  inadequate  for  judging  t rends. 

Summary. — A review  of  published  reports  of  epidemiological  studies 
of  human  hazards  from  long  exposure  to  pesticides  fails  to  demon- 
strate any  definite  increase  in  morbidity  or  mortality  attributable  to 
these  compounds.  Exposure  is  found  to  be  essentially  universal 
throughout  developed  and  “developing”  countries  of  the  world,  over 
all  social  classes,  over  ages  from  newborn  to  all  adult  ages,  and  for  both 
sexes.  Wide  variations  of  exposure  exist,  with  extremely  high  levels 
being  associated  with  occupational  exposures. 

Published  data  similarly  demonstrate  no  increase  in  exposure  in 
recent  years  to  the  most  commonly  used  pesticides. 

While  the  two  above  conclusions  argue  against  a present  or  imminent 
hazard,  a number  of  deficiencies  in  the  available  evidence  have  been 
cited.  Studies  arc  not  adequate  for  recognizing  conditions  of  low  inci- 
dence, of  the  order  of  0.1  to  1 per  1,000  in  a short  interval  following 
exposure.  Studiesare  not  adequate  for  identifying  diseases  first  appear- 
ing after  latent  periods  of  several  years. 

There  is  no  clear  evidence  linking  human  malignancy  causally  with 
pesticides.  Associations  of  malignancy  with  ]>esticide  level  in  autopsy 
material,  however,  remain  unexplained.  Carcinogenesis  lias  been 
demonstrated  in  experimental  animals,  rodents  and  fish,  from  pesticide 
doses  that  have  no  counterpart  in  human  exposure. 

The  following  types  of  studies  are  recommended  in  relation  to  the 
above  observations: 

1.  Continued  study  of  pesticide  levels  in  foods  for  human  con- 
sumption. Standard  methods  for  food  sampling  and  for  jiesti- 
cide  analysis  for  the  common  comjKiunds  should  be  established 
in  order  to  make  interpretation  of  time  trends  possible. 

2 Pesticide  levels  in  human  tissues  should  be  studied  in  popula- 
lion  samples  selected  to  represent  general  populations.  The 
availability  of  techniques  for  analysis  of  pesticide  levels  in 
blood  makes  such  studies  feasible.  Standard  sampling  and 
analytic  methods  should  be  adopted  for  time  trend  analysis. 

3.  Epidemiologic  studies  appropriate  for  identifying  low  inci- 
dence conditions  should  be  carried  out. 

4.  Epidemiologic  studies  appropriate  for  identifying  conditions 
ap|>earing  after  latent  periods  of  several  years  should  be  carried 
out. 

5.  Longitudinal  studies  of  heavily  exposed  ]>opii]ations  should  be 
carried  out.  Populations  to  lx;  investigated  may  include:  (a) 
Workers  with  high  and  medium  occupational  exposure,  (b) 


persons  who  have  experienced  011c  or  more  acute  toxicity  epi- 
sodes, (c)  persons  with  very  high  tissue  pesticide  levels  not 
apparently  related  to  occupational  exposure. 
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SPW’IAMSTS  TiKCOKTS  OX  TOTKXTML  HEALTH  EFFECTS 

Cutaneous  aspects 

Allergic  contact  dermatitis  refers  to  an  inflammatory  process  of  the 
skin  mediated  by  an  as  yet  uncharneterized  antilxxly  which  adheres 
to  circulating  white  blood  cells.  This  implies  that  on  first  contact  with 
a pesticide  there  will  be  no  reaction.  There  then  ensues  an  incubation 
period  of  approximately  1 week,  at  which  time  the  next  exposure  leads 
to  a dermatitis.  Not  everyone  contacting  the  pesticide  will  react ; only 
those  with  ant ilKxlies.  A common  example  of  this  phenomenon  is  poison 
oak-poison  ivy  dermatitis. 

Extent  of  the  problem. — Inherent  in  diagnosing  allergic  contact 
dermatitis  is  the  method  of  proving  this  scientifically.  Inasmuch  as 
the  antibody  has  not  yet  lieen  characterized,  the  only  available  method 
is  the  patch  test.  This  consists  of  application  of  a low  chemical  con- 
centration to  the  skin  under  adhesive  tn]x»  occlusion  to  increase  ]x*nc- 
t rat  ion.  If  an  individual  has  antibody,  the  disease  is  reproduced  in 
miuiat  ure  under  the  pitch  in  24  4-  hours. 

Patch  testing  is  generally  done  when  an  allergen  is  suspect.  It  is 
legend  in  the  field  of  occupational  dermatitis  that  a diagnosis  cannot 
be  made  until  an  allergen  is  suspected  and  a proper  knowledge  of 
patch  testing  is  available.  Unfortunately*  there  is  very  little  knowl- 
edge available  on  proper  methods  of  patch  testing  with  ]x*sticides. 
Many  physicians  are  unwilling  to  do  this  for  fear  that  the  amount  of 
material  under  an  occluded  patch  test  may  produce  systemic  toxicity. 
Many  agricultural  workers  attempt  to  make  their  own  diagnoses  and 
st niggle  with  their  disease.  There  are  only  a few  renters  in  the  United 
States  extensively  involved  in  diagnostic  patch  testing.  Of  these,  none 
have  specialized  in  developing  methods  that  could  lx*  recommended 
for  use  by  the  general  physician. 

Publisher!  literature.^ Hjorth  and  Wilkinson  recently  reviewed  con- 
tact sensitization  to  pesticides  (/).  It  was  their  general  opinion,  from 
the  minimal  information  available,  that  dermatitis  from  |x*sticides  is 
uncommon.  They  reviewed  largely  single  rase  rc|»orts.  Perhaps  the 
most  meaningful  were  those  of  Kraegert.  This  author  is  one  of  the  few 
dermatologists  in  the  Western  world  working  full  time  on  occupa- 
tional dermatitis.  It  is  unlikely  that  any  problems  he  finds  exist  only 
in  the  area  of  Sweden  in  which  he  works.  It  is  more  likely  that  he  is 
trained,  has  the  time  and  energy,  and  is  thus  able  to  make  sjxrific 
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diagnoses.  He  demonstrated  an  allergic  dermatitis  in  agricultural 
workers  to  several  pesticides,  including  Rodannitrobcnzene,  Captnn, 
Plialtan,  and  an  ingredient  of  4-chloro-2-met!iyl-plienoxyncetic  acid 
(2-i)-  The  latter  pesticide  was  very  important  insofar  as  technique  is 
concerned;  the  diagnosis  would  have  been  missed  by  routine  patch  test- 
ing for  lie  reacted  only  to  an  intermediary  product  and  not  to  the  com- 
mercially available  material. 

Edniundson  and  Davies  reported  a small  epidemic  due  to  Naled  in 
9 out  of  12  workers  in  a chrysanthemum  farm  (5).  Spencer  docu* 
men  ted  allergic  contact  sensitization  to  2-chloro-N,-diallyl  acetamide 
in  3 farmers  (tf). 

Milby  and  Epstein  had  the  opportunity  of  surveying  a population 
of  California  agricultural  workers  exposed  to  Malatliion  and  quickly 
demonstrated  sensitization  in  4 out  of  157  (3  percent).  The  most  im- 
portant outcome  of  this  study  was  that  sensitization  was  not  due  to 
the  compound  they  tested  (Malatliion),  but  to  an  intermediary  prod- 
uct— diethyl  fumarate.  The  practical  significance  was  that  when  this 
information  came  to  light  the  manufacturer  decreased  the  amount  of 
this  intermediary  product  present  in  Malathion  which  then  presum- 
ably decreased  the  incidence  of  future  sensitization  (7,  8). 

Recently,  Takamatsu  et  el.,  surveyed  an  outbreak  of  dermatitis  in 
tangerine  orchards  in  Japan  due  to  a new  fungicide  (Difolatan)  which 
sensitized  25  percent  of  involved  workers  in  1906,  and  38  percent  in 
1967  (0).  This  incidence  of  sensitization  as  of  significance,  in  terms  of 
the  suffering  and  costs  involved. 

Interpretation. — At  the  moment,  no  hard  figures  arc  available  to 
determine  the  extent  of  the  allergic  contact  sensitization  problem  in 
man.  From  the  exjierieiiccs  of  Milby  and  Epstein,  Fmegert,  Spencer, 
and  Takamatsu  et  al.,  we  suspect  that  sensitization  is  probably  Tiiuch 
more  common  than  is  generally  realized. 

/Recommendation. — Itasic  science  information  on  allergic  contact 
dermatitis  is,  of  course,  a great  help.  Hut  more  specifically,  certain 
areas  of  information  arc  urgently  required  for  which  technology  is 
available  and  costs  are  minimal.  First  priority  would  be  given  to 
defining  proj>er  patch  test  concentrations  so  this  information  could  be 
made  readily  available  to  all  physicians  involved  in  diagnosing  occu- 
pational and  agricultural  dermatitis.  Only  when  this  is  accomplished 
cah  proper  diagnoses  be  made  and  valuable  epidemiological  data  be- 
come available. 

Secondly,  we  need  relative  information  on  allergic  sensitization 
potential  of  commonly  used  jjesticides.  This  can  be  accomplished  in 
the  guinea  pig  and  rabbit  using  currently  available  mollifications  of 
the  Draize  Landsteiner  techniques.  (10).  It  would  nlsnbe  advisable  to 


399 


verify  this  information  in  terms  of  ranking  the  severity  of  sensitiza- 
tion potential  in  human  volunteer  testing,  using  the  well-established 
human  Draizetest  {11), 
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Svbstanfivify 

Substnntivity  is  n term  clerved  from  classical  10th  Century  dye 
chemistry.  It  concerns  the  mordant  effect  of  a dye.  In  cutaneous 
physiology  it  |>ertains  to  a chemicals  ability  to  adhere  to  skin,  no 
matter  what  the  physical  or  chemical  explanation. 

Extent  of  (he  problem. — If  a compound  is  rapidly  washed  off  the 
skin  by  workers,  there  should  1*  less  chance  of  percutaneous  penetra- 
tion, and  therefore  leas  risk  of  toxicity*  If  the  materials  are  not  readily 
removed,  opportunity  for  |>enetration  (and  toxicity)  increases, 
Tsitercturt.— The  only  pertinent  study  of  which  we  are  aware  is  that 
of  Fredrikkson  who  studied  the  decontamination  of  human  skin  with 
Parathion  '/),  Using  PJI  labeled  material  lie  demonstrated  that  a soap 
and  water  wash  for  30  seconds  ( which  is  far  longer  than  most  workers 
would  wash)  removed  only  30  to  48  |*rcent  of  the  applied  dose,  if 
the  wash  was  delayed  for  0 hours,  An  alcohol  wash  (in  which  Para- 
thion is  soluble)  still  allowed  10  percent  of  the  dose  to  remain. 


400 


Interpretation . — The  substantivity  of  pesticides  for  human  skin  is 
of  great  practical  importance  in  terms  of  long  term  toxicity. 

Recommendation . — Methods  such  as  those  used  by  Fredrikkson  and 
some  more  recently  elaborated  by  others,  allow  a practical  syjtem  to 
determine  the  substantivity  of  pesticides.  Data  should  be  obtained  on 
standard  pesticides,  not  only  measuring  the  degree  of  substantivity 
but  demonstrating  fool-proof  and  practical  methods  of  removing  these 
chemicals  by  workers.  The  technology  is  available,  the  risks  to  human 
volunteers  extremely  minimal,  and  the  decrease  of  potential  toxicity 
great.  Obtaining  this  information  clearly  deserves  a high  priority, 
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Cutaneous  metabolism 

Extent  of  the  problem . — Human  skin  is,  contrary  to  older  beliefs, 
an  active  metabolic  organ,  Thi9  not  only  includes  viable  cells  in  the 
epidermis  and  dermis,  but  also  the  presumably  dead  stratum  comeum, 
There  are  numerous  enzymes  in  this  stratum  comeum  that  can  hydro- 
lyze many  chemicals,  including  I)NA  and  RNA, 

Implicit  in  the  study  of  animal  toxicology  is  the  fact  that  skin  ex- 
posure allows  the  penetration  of  chemicals  analogous  to  that  which  is 
injected  into  animals.  If  the  materials  are  first  hydrolyzed  and  nb* 
sorbed  as  different  materials,  the  animal  toxicology  may  not  be  rele- 
vant. We  know  that  Parathion  is  not  hydrolyzed  on  animal  or  human 
skin,  but  this  is  the  only  pesticide  for  which  we  have  such  informa- 
tion (7), 

Interpretation . — Cutaneous  metabolism,  apart  from  that  of  other 
organs,  is  an  area  of  great  potential  significance. 

Recommendation. — Willi  the  ready  availability  of  radio  labeled  ma- 
terials, it  is  recommended  that  the  ability  of  skin  to  metabolize  com- 
monly used  pesticides  be  obtained.  If  these  products  of  hydrolysis  are 
indeed  different,  then  animal  toxicology  should  be  obtained  on  them. 
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Percutaneous  penetration 

Percutaneous  penetration  refers  to  the  amount  of  a chemical  that 
gets  from  the  skins  surface  into  its  various  components  and  is  even- 
tually absorbed  into  the  systemic  circulation;  it  is  then  available  either 


to  be  excreted  in  urine  and  stools  or  stored  in  an  organ  such  as  fat  (i.e. 
as  with  DDT). 

Extent  of  the  problem. — Classical  pharmacology  lias  not  often  in- 
cluded studies  of  percutaneous  penetration.  This  science  has  involved 
itself  mainly  with  the  effect  of  drugs,  usually  taken  either  orally  or 
parenterally.  In  the  case  of  pesticides,  exposure  is  more  likely  to  be 
cutaneous  than  parenteral.  Although  respiratory  exposure  is  of  im- 
portance, investigators  such  as  Wolfe,  Armstrong,  and  Durham  have 
clearly  demonstrated  quantitatively  that  exposure  is  far  more  cuta- 
neous than  respiratory  (/,  £).  For  instance,  they  demonstrated  that 
when  Parathion  concentrate  is  used  with  spray  equipment  the  respira- 
tory exposure  is  less  than  0.1  mg./hr.,  whereas  cutaneous  contamina- 
tion is  27  mg./hr.  They  demonst  rated  examples  such  as  air  blast  spray- 
ing equipment  where  cutaneous  exposure  reached  over  750  mg./hr. 
These  doses  must  clearly  be  considered  in  the  range  of  drugs. 

It  has  classically  been  assumed  that  cutaneous  barriers  are  so  com 
pleto  that  few  chemicals  can  penetrate,  and  that  j>enet ration  is  only  of 
significance  if  one  deals  with  the  most  potent  of  chemicals,  such  as  the 
war  gasses.  Hecent  data  lias  clearly  demonstrated  that  the  cutane- 
ous barrier  is  far  from  complete,  and  that  many  chemicals  pass  through 
the  skin  with  ease  (3), 

Technique s of  observation*. — Until  recently,  human  ex|>erimenta- 
tion  involving  percutaneous  |>enetmtion  was  rarely  done.  Classical 
experiments  included  comparison  of  I lie  LD-50  in  the  skin  as  compared 
to  parenteral  administration.  This  information  is  valuable  as  frr  as 
acute  toxicity  was  concerned,  but  of  little  value  in  determining  body 
exposure  in  long-term  usage.  Fredrikkson  studied  the  penetration  of 
Parathion  and  Paraoxon  in  vitro  H).  This  involved  use  of  a small 
glass  chamber  in  which  chemical  was  applied  on  the  skin  and  Hie  ma- 
terial studied  as  it  came  through  the  dermal  side.  He  compared  this 
data  to  that  of  i>ercuta neons  ]>enetration  measured  by  the  surface  dis- 
ap|>enrance  technique.  Here,  a radioisotoj>e  detection  system  is  used 
on  the  surface  of  the  skin  ami  its  disappea ranee  noted.  It  is  assumed 
that  as  the  counts  decrease  the  material  is  being  absorbed.  It  should  bo 
noted  that  this  technique  can  only  lie  used  for  very  hard  rays  as 
weaker  rays  are  unable  to  reach  the  counter.  He  noted  there  was  far 
less  penetration  in  the  in  vitro  chambers  than  the  in  vivo , utilizing  the 
disapi  earance  technique. 

Nabb,  tStein,  and  Hayes  (W.  «?.)  studied  the  dermal  absorption 
of  Parathion  and  Paraoxon  in  rabbits  and  found  penetration  rates  of 
0.059  ^gin./minute/cm.*  and  0,3  ^gm. /mi mite/cm.*,  respectively  [6). 
When  Hayes  (O.  H.),  Fnnckes,  and  Hartwell  studied  the  percutane- 
ous penetration  of  Parathion  in  man  using  urinary  excretion  of  P- 


nitrophcnol,  they  noted  as  much  as  23  nig.  of  P-nitroplieno]  in  urine 
per  day  Recently,  Milby,  Feldmann,  and  Maibach  undertook  a 
systematic  study  of  percutaneous  penetration  in  man  in  which  radio- 
labeled  chemical  was  applied  to  the  skin  and  its  penetration  quanti- 
tated by  the  appearance  of  radiolabel  in  urine  (and,  in  some 
instances,  feces)  (7).  The  advantage  of  this  system  is  that  when  radio- 
labeled compounds  are  available  one  need  not  be  concerned  about  de- 
veloping methods  to  isolate  each  metabolite  but  can  study  the  radiolabel 
itself.  This  enabled  the  authors  to  rapidly  screen  a series  of  com- 
pounds. As  a requisite  control  to  this  method,  a tracer  dose  is  injected 
intravenously  to  determine  how  much  compound  is  excreted  in  the  urine 
or  stool.  Knowing  how  long  the  material  remains  in  the  human  body 
allows  one  to  determine  the  risks  or  more  properly  interpret  the  classi- 
cal animal  data.  In  other  words,  if  the  compound  is  rapidly  excreted 
there  should  be  less  toxicity  than  if  it  is  stored  or  slowly  excreted,  all 
other  things  being  equal. 

They  showed  a wide  divergence  in  the  penetration  of  the  first  pesti- 
cides studied.  Die! drill,  Parathion,  and  Malathion  all  penetrated  in 
significant  amounts  but  were  only  moderate  penetrants.  Their  pene- 
tration rates  ranged  from  (1  to  8 percent  of  the  applied  dose  (4.0  ^g in./ 
cm.2).  However,  Carbary  1 was  virtually  a complete  penetrant  in  that 
almost  75  percent  of  t ho  same  dose  was  accounted  for  in  the  urine. 
Needless  to  say,  interpreting  LD-50  data  becomes  far  more  meaningful 
when  such  penetration  data  is  available.  If  1 percent,  of  the  dose 
penetrates  as  compaml  to  75  percent,  this  will  greatly  alter  this 
interpretation. 

These  studies  also  showed  that  penetration  through  the  skin  of  this 
and  many  other  compounds  is  extremely  slow.  One  can  identify  the 
material  in  urine  for  at  least  5 days  after  a single  application.  This 
long-term  passage  has  profound  importance  in  terms  of  chronic 
toxicity  of  man. 

h 'fleet  of  delivery  vehicles  on  penetration, — Very  little  work  lias 
been  done  in  this  regard.  It  is  generally  assumed  that  vehicles  will 
significantly  increase  or  decrease  the  penetration  of  certain  mole- 
cules. A specific  example  is  the  study  of  McDennot,  Finkbciner,  and 
Wills  and  Heggie  in  which  tliey  quantitated  the  effect  of  I)MSO 
on  the  percutaneous  penetration  of  Scnian  (pin-acetyl-metliyl- 
phosphonofluoriilate)  (8).  They  noted  that  DMSO  increased  the 
potency  ratio  (LD-50)  almost  6 times  on  normal  skin  and  4 times  on 
stripped  skin.  Drown  recorded  significant  changes  in  LD-50  of 
carbamates  with  varying  solvents  (5). 

Interpretation . — Percutaneous  penetration  of  pesticides  is  obvi- 
ously a critical  area  in  terms  of  chronic  toxicity  to  man.  This  lias 


only  boon  minimally  investigated  because  appropriate  techniques  have 
only  recently  become  available.  It  is  likely,  from  the  very  slow  and 
delayed  penetration  through  the  skin  and  the  very  significant  amounts 
of  chemical  penetrating  the  skin  that  this  is  an  area  of  crucial  im- 
portance in  terms  of  man. 

Recommendations, — As  a minimum,  wc  should  have  quantitative 
penetration  data  on  the  various  commonly  used  pesticides.  At  the 
moment,  human  studies  with  radio-labeled  materials  appear  the  most 
practical  for  quickly  obtaining  data  of  direct  relevance  (//.  12).  Other 
methods  should  also  be  developed  to  see  if  they  are  relevant  to  the 
human  situation.  This  includes  ranking  of  known  common  pesticides, 
using  various  in  vitro  systems,  and  other  animal  systems.  Although 
we  are  concerned  about  the  acute  poisoning  of  humans  through  the 
skin  (such  as  recently  summarized  by  Eitzman  and  Wolfson  who 
demonstrated  seven  of  30  deaths  as  clearly  being  due  to  skin  contact), 
wo  are  more  concerned  about  the  insidious  long-term  effects  which  this 
route  of  exposure  allows  (10). 

Examination  of  varying  vehicle  systems  should  he  considered  in 
an  attempt  +o  decrease  the  skin  penetration  of  these  pesticides. 
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Effect  on  other  cutaneous  organ s 

It  is  known  that  certain  pesticides  affect  other  keratin-producing 
structures  in  skin,  such  as  the  nails  and  hair.  Samman  and  Johnston 
have  shown  that  Paraquat  and  Diquat  will  produce  abnormal  finger- 
nails (7).  Presumably  the  mechanism  of  action  is  penetration  through 
the  nail-plate  with  a direct  effect  on  the  nail  matrix. 

Ilaustein  (£)  claimed  lie  observed  dystrophic  human  hair  follicles 
after  improper  use  of  Fekema  ES-30-9  (DDT  and  gamma-JICC8). 
This  has  not  yet  been  substantiated. 

Although  our  knowledge  in  this  area  is  too  minimal  to  allow 
informed  interpretation,  these  observations  suggest  the  hair  and  nail 
should  be  more  closely  looked  at  than  previously  in  regard  to  an  index 
of  toxicity.  Certainly,  the  animal  hair  follicle  has  proved  an  extremely 
sensitive  index  of  x-radiation  damage.  The  same  information  should 
be  sought  in  man  for  pesticides. 
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SAMPLE  SKIN  MATRIX 


Farathlon  Malathton  DIeMrin  Catbiryl 


Percutaneous  penetration: 


Animal Moderate  — — — 

penetrant 

Man Moderate  Moderate  Moderate  Moderate 

penetrant 

Substantivity Very  sub-  — — — 

stantive 

Contact  sensitization Possible  mini-  Probable  — — 

mal  risk  problem 

Metabolism Not  hydro-  — — — 

lyzed  on 
skin 

Nalls  dystrophy Not  known  — — — 

Hair  dystrophy Not  known  — — — 


Note  — Dashes  (— ) Indicate  Inadequate  Information  available. 


405 


liekavorial  effects  of  'pesticides 

The  word  “behavior’’  lias  a number  of  meanings  in  common  parlance 
and  several  idiomatic  applications  in  different  brandies  of  medicine 
and  science.  These  include  the  meanings  “to  carry,  conduct,  comfort, 
manage,  bear,  discipline,  handle,  restrain,  regulate,  act,  conduct  one- 
self, or  to  act  in  relation  to  the  environment.”  One  of  these  is  the  so- 
called  “behavioral”  effects  of  pesticides.  Unfortunately,  there  have 
been  some  misunderstandings  and  misapplications  of  the  meaning 
usually  applied  in  this  context.  In  its  strictly  literal  sense,  “behavioral 
effects”  of  pesticides  are  any  influences  the  chemicals  exert  on  the 
nervous  system  or  body  that  alter  normal  or  usual  physiological 
responses  in  an  environment  containing  pesticide.  However,  almost 
all  pesticides  in  sufficient  dosage  are  capable  of  causing  such  .alterations 
in  response.  These  arc  the  usual  signs  and  symptoms  of  acute  or  chronic 
poisoning.  The  term  “behavioral  toxicity”  as  applied  in  clinical  toxicol- 
ogy lias  generally  excluded  the  established  signs  and  symptoms  espe- 
cially during  the  acute  phase  of  poisoning.  Conversely,  many  investi- 
gators have  at  first  regarded  as  “behavioral”  one  or  more  unusual 
effects  of  pesticides  not  then  known  to  be  expected  signs  or  symptoms. 
The  subsequent  better  and  more  complete  understanding  of  the  actions 
of  such  a particular  pesticide  has  often  moved  such  behavioral  effects 
over  into  the  area  of  established  signs  and  symptoms.  For  example,  in 
the  late  1940’s,  airplane  pilots  began  to  complain  of  disturbances  of 
vision  (depth  perception  and  night  blindness)  during  application  of 
the  then  newer  pesticides.  These  unusual  signs  were  often  reported 
in  the  absenceof  other  evidences  of  toxicity  Accidents  and  fatal  crashes 
were  blamed  on  these  unusual  effects  then  regarded  as  behavioral. 

More  than  5 years  of  study  (Upholt,  1950)  established  that  the 
responsible  pesticides  were  the  direct  cholinesterase  inhibitors  (mostly 
TEPF).  The  effect  was  caused  by  topical  exposure  of  one  or  both 
eyes  without  extensive  exposure  otherwise.  Bilateral  miosis  caused 
night  blindness.  Unilateral  miosis  and  paralysis  of  muscles  of  accom- 
modation from  unilateral  exposure,  caused  disturbances  of  kinetic 
depth  perception.  As  these  local  or  topical  effects  became  more  widely 
recognized,  most  toxicologists  no  longer  regard  these  as  behavioral 
effects  but  rather  as  logical  expected  effects  of  acute  topical  exposure. 
The  inclusion  of  unusual  or  poorly  understood  effects  of  pesticides 
in  die  group  of  behavioral  effects  will  continue  to  plague  and  confuse 
those  concerned  with  health  hazards  of  pesticides  whether  they  are 
officials,  authors,  or  the  public.  Unfortunately,  in  sonic  instances  pes- 
ticides arc  blamed  for  such  effects  when  the  causal  relationship  lias 
not  been  well  established.  An  example  of  this  is  the  blame  placed  on 
2,4,D  as  a cause  of  peripheral  neuritis  (Goldstein  el  al.,  1959).  For 
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convenience  of  Arrangement,  the  clinical  syndrome  of  peripheral  neu- 
ritis without  other  behavior  change  is  presented  in  t lie  section  on 
“Effects  on  t lie  Nervous  System.” 

Understanding  of  the  area  considered  as  behavioral  effects  also 
requires  an  understanding  of  t lie  difference  between  topical  or  local 
poisoning,  and  systemic  or  body-wide  poisoning.  Acute  and  chronic 
poisoning  lias  always  been  best  known  as  systemic  poisoning  wherein 
there  has  been  sufficient  absorption  and  circulation  of  the  toxicant  to 
cause  the  signs  and  symptoms  of  poisoning  expected  from  the  known 
modes  ot  action  of  the  pesticide.  On  the  other  hand,  pesticides,  like 
other  chemicals  or  drugs,  may  act  in  a site-specific  point  in  the  body 
usually  because  the  exposure  has  been  limited  to  that  part  of  the 
anatomy,  such  as  the  eye,  the  nose,  the  mouth,  or  a restricted  area  of 
skin.  In  too  many  instances,  the  local  effects  of  a pesticide  have  been 
assumed  to  be  the  more  hazardous  systemic  poisoning  with  consequent 
overeoncem  and  overprecuutions  reduction  of  the  exposure. 

Undoubtedly  the  most  obvious  and  yet  the  most  problematic 
behavioral  effects  are  the  ones  effecting  the  brain  and  nervous  system. 
Our  behavior  is  influenced  most  by  our  nervous  system  (with  the 
possible  exception  of  the  reproductive  system  in  active  adults).  Rarely 
in  the  general  population,  but  more  frequently  in  agricultural  workers, 
applicators,  formal ators,  and  others  exposed  to  pesticides,  there  have 
been  many  reports  of  abnormalities  of  behavior  in  the  absence  of 
other  usual  signs  or  symptoms  of  pesticide  intoxication. 

In  summary,  “behavioral  effects”  of  pesticides  are  those  behavioral 
signs  or  symptoms  other  than  the  usual  and  expected  effects  seen  in 
either  acute  or  chronic  poisoning.  They  may  be  premonitory  effects, 
sequellae,  or  after  effects  suspected  to  be,  but  not  necessarily  directly 
causally  related  to  the  pesticide  exposure.  Unfortunately,  because  of 
the  sound  grounds  for  technical  disagreement  over  the  status  of  any 
one  finding  or  allegation  of  a behavioral  effect,  the  area  of  discussion 
known  as  “behavioral  effects”  lias  been  a hodgepodge  of  data,  con- 
flicting rejwrts,  and  emotional  publications.  Some  workers  have 
avoided  the  field  of  behavioral  effects,  calling  it  a “never-never  land.” 
Nevertheless,  careful  consideration  and  study  of  the  behavioral  effects 
of  pesticides  has  elucidated  many  health  problems  posed  by  pesticides 
and  should  continue  to  do  so  in  the  future.  False  allegations  of  magical 
deviltry  of  pesticides  are  discredited,  and  sound  suspicions  of  un- 
appreciated effects  are  confirmed  as  expected  effects  when  the  mode 
of  action  1ms  been  established.  Appropriate  precautions  and  regulatory 
actions  can  then  betaken. 

The  term  “behavioral  toxicity”  was  first  used  at  the  conference  on 
the  evaluation  of  pharmacotherapy  in  mental  illness  in  the  fall  of 
1956  by  Brody  (1959)  to  describe  the  adverse  effects  of  drugs  on 
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psychological  functioning  in  animals.  Although  the  concept  of  be- 
havioral toxicity  arose  from  Brody's  study  of  objective  responses  in 
the  operant  situation,  any  broad  consideration  of  behavioral  toxicity 
in  man  must  take  into  account  both  the  subjective  mood  changes  and 
the  objective  performance  changes  induced  by  drugs. 

Clinical  behavioral  toxicity. — The  most  impressive  characteristic 
of  the  psychiatric  drug  literature  is  the  absence  of  serious  concern 
about  adverse  effects  these  drugs  may  have  upon  behavior  (Uhr  II., 
Miller  J.  C.  I960). 

The  Cibn  Foundation  convened  a symposium  on  the  neurological 
basis  of  behavior  in  1057.  The  early  definitions  and  histories  of  l>e* 
liavior  were  reviewed  and  18  other  papers  were  presented  on  specialty 
aspects  of  l>ehavioral  studies  in  man  and  experimental  animals.  The 
last-  of  these  papers  concerned  the  relevance  of  some  neurophysiological 
data  to  behavior  disorders.  Such  idiomatic  terms  as  “consciousness,” 
“awareness,”  and  “personality  changes”  were  defined  and  discussed 
in  the  psychiatric  sense.  Mainly  this  symposium  was  produced  by 
physiologists,  anatomists,  neurologists,  pharmacologists,  psychiatrists, 
endocrinologists,  and  biologists.  Toxicologists  were  conspicuous  by 
their  absence.  A number  of  techniques  were  presented  on  measuring 
“behavior” objectively  (Wolstenholme,  1958). 

A number  of  good  books  have  been  written  on  the  behavioral  effects 
of  pesticides  ns  reflected  by  the  expected  effects  of  aente  poisoning  on 
the  nervous  system  by  chlorinated  insecticides  (Von  Oettinger,  1955) 
and  by  anticholinesterase  compounds  (Koelle,  1903;  Heath,  1901,  and 
O’Brien  1900, 1967). 

The  chlorinated  hydrocarbon  insecticides,  especially  HOT,  have 
been  known  to  act  in  the  cerebellum,  brainstem,  spinal  cord,  and  periph- 
eral nerves  (Bromiley  and  Bard,  1919;  Shankland,  1904).  Tims 
the  acute  effects  of  these  compounds  appear  to  be  scattered  widely 
throughout  the  nervous  system.  Moreover,  they  have  topical  action 
on  the  nerve  endings  in  the  mucous  membrane  (Hayes,  1963)  and  may 
extend  their  action  proximally  on  the  nerve  pathways  as  shown  by 
various  case  reports.  For  over  20  years,  toxicologists  have  studied 
pesticides  mainly  by  investigating  morbidity,  mortality,  growth, 
pathology,  and  storage  in  experimental  animals  and  man.  Much  less 
attention  lias  been  given  to  the  possible  behavioral  effects  of  dosages 
below  those  required  to  effect  gross  clinical  signs  and  yet  sufficient  to 
possibly  alter  the  behavior  of  man  and  animals.  Studies  on  the  ef- 
fects of  pesticides  on  sensitive  indicators  of  brain  function  have  not 
received  appropriate  attention  (Ruffin,  1963)  and  almost  as  little  at- 
tention have  been  given  to  psychobiology. 

A group  of  industrial  toxicologists  in  Holland  followed  826  workers 


408 


in  the  manufacture  of  chlorinated  hydrocarbons  (nldrin,  dieldrin, 
telodrin)  for  13%  years.  They  found  no  behavioral  effects  past  the 
“temporary  signs  and  symptoms  of  specific  intoxication  (Hoogcndnm, 
1962;  Hoogendam,  1965;  Jager,  1968). 

Toxicologists  in  Russia  have  naturally  fallen  under  the  influence  of 
Pavlovian  behavioral  physiological  training  (Ruffin,  1963).  These 
Russian  workers  arc  trained  differently  and  reason  differently  than 
do  American  psychologists,  physiologists,  and  toxicologists.  One  of 
these  Russian  toxicologists  lias  extensively  reviewed  the  application 
of  studies  of  conditioned  reflexes  of  experimental  animals  in  response 
to  t he  more  important  groups  of  pesticides  (Medved,  1964).  They 
have  established  definite  changes  in  behavior  of  animals  far  below  levels 
required  to  produce  symptoms  or  at  levels  of  cholinesterase  activity 
just  under  the  preexposnre  range.  Changes  were  also  noted  in  reflexes 
before  they  could  detect  functional  or  chemical  changes  in  their  liver 
and  carbohydrate  metabolism.  Both  of  the  usually  reversible  changes 
studied  as  well  as  totally  irreversible  changes  such  as  caused  typically 
by  organic  mercurial  pesticides. 

Behavior  changes  in  workers  manufacturing  DDT  and  related  chem- 
icals have  already  been  mentioned  under  anothersection  of  this  report 
(General  Effects:  Clinical  Effects  from  Case  Reports)  by  another 
Russian  but  translation  difficulties  limit  interpretation  of  that  report 
(Paramonchik,  1969).  This  latter  industrial  toxicologist  was  con- 
vinced lie  observed  “the  asthemic  syndrome  and  autonomic  dystonia” 
in  some  workers.  Unfortunately  these  people  were  also  exposed  ad- 
mittedly to  many  other  chemicals  as  well — not  given  in  their  exposure 
histories — and  no  mention  was  made  of  the  workers’  habitual  con- 
sumption of  alcohol  that  may  account  for  some  symptoms. 

As  early  as  1962,  one  American  toxicologist  stressed  the  importance 
of  mechanics  of  “toxic  stress”  in  industrial  toxicology  and  environ- 
mental pollution.  However,  as  of  1969,  far  too  few  studies  are  in 
progress  in  this  country  attempting  to  measure  behavior  and  other 
effects  below  that  sufficient  to  cause  frank,  acute  toxic  signs  (Stok- 
inger,  19G2).  Over  a decade  ago  a behaviorist  conclusively  showed 
that  rats  respond  to  stressful  agents  producing  radical  changes  in 
behavior  (Richter,  1958).  The  center  in  the  brain  suspected  of  refleet- 
i ng  this  disturbance  was  the  hypothalamus. 

The  altered  locomotion  patterns  of  rats  fed  as  little  as  100  p.pjn. 
of  DDT  was  demonstrated  by  study  of  track  patterns  in  charcoal- 
dusted  runways  (Khairy,  1959). 

Conditioned  reflexes  in  cats  treated  with  nldrin  were  changed  from 
the  eighth  to  the  13th  day  after  starting  daily  oral  dosage  with  only 
1 mg./kg.  of  nldrin.  Changes  returned  to  normal  responses  thereafter 
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but  sometimes  the  restoration  of  normal  function  was  cyclic  in  pat- 
tern (Spynn,  1064). 

Stmnptail  monkeys  showed  filtered  behavior  at  dosages  considered 
no  greater  than  some  people  ingest  daily  for  a period  of  weeks.  The 
treated  group  showed  depression  of  arousal  and  emotional  levels. 
There  were  other  observations  of  lessened  response  to  environmental 
conditions  (Thomsen,  I960). 

In  another  study  of  adolescent  stmnptail  monkeys  (Marara  npcciom) 
orally  treated  with  low  dosages  of  endrin,  search  was  made  for  sub- 
clinical  or  clinical  subacute  effects  based  upon  biochemical,  physiologi- 
cal, hematological,  pathological,  histological,  and  behavioral  changes. 
In  general,  few  changes  wore  detected  when  there  was  no  toxic 
patterns  in  individuals  or  groups.  Kesnlts  indicated  that  only  the  differ' 
ential  white  blood  cell  count  could  be  used  as  a valid  indicator  for  tox- 
icity in  future  pesticide  rose, arch  (Barth,  1967). 

An  experimental  carbamate  pesticide  closely  related  to  several  now 
in  growing  use  in  this  country  such  as  carbaryl  and  Baygon  dimin- 
ished the  self-protective  responses  of  rats  (Goldberg,  1963).  The  rats 
had  previously  been  trained  to  avoid  shock  by  pushing  a lever  as  a 
response  to  a light.  Prior  to  treatment  with  the  carbamates  the  rats 
were  able  to  respond  with  95  percent  or  better;  efficiency  decreased  to 
ast  low  as  50  percent  30  minutes  after  the  administration  of  the  carba- 
mate at  a dosage  of  1 mg./kg.  intraperitonoally.  Those  doses  were  con- 
siderably lower  than  those  which  produce  symptoms  of  anticholin- 
esterase activity.  A comparison  of  the  ED  50  with  the  LD  50  revealed 
u ratio  of  about  1 to  25.  However,  the  cholinesterase  inhibition  in  both 
tlie  brain  and  the  erythrocytes  paralleled  the  behavioral  changes.  Thus 
, there  appears  to  be  no  behavioral  changes  with  these  compounds  with- 
out cholinesterase  inhibition.  In  fact,  dose-response  studies  indicate 
that  the  threshold  effects  on  discrete  avoidance  studies  are  associated 
with  about  a 50  percent  inhibition  of  brain  cholinesterase. 

Without  moi*e  closely  controlled  data  on  human  exposure,  more  con- 
sideration must  be  given  to  pertinent  experimental  toxicology  in  ani- 
mals. A neurochemical  approach  was  made  with  a study  of  brain  chem- 
istry in  rats  exposed  to  carbaryl  (Hassan,  in  press).  In  acute  and 
chronic  dosage  producing  no  signs  or  altered  behavior,  levels  of  brain 
norepinephrine,  serotonin,  and  5-liydroxtv-3-irdolylacotic  acid  in- 
creased  but  dopamine  did  not.  This  means  that  biosynthesis  is  increased, 
certain  biogenic  amines  are  released  and  catabolism  is  increased  (with- 
out signs  detected).  Thus,  some  biochemical  basis  for  behavioral 
changes  in  rats  can  lie  detected  before  the  changes  themselves. 

Studies  on  altered  behavior  due  to  anticholinesterase  effects  received 
more  research  attention  than  those  due  to  chlorinated  hydrocarbon 
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pesticides.  One  of  the  best  reviews  by  a Russian  worker  (Medved,  1964) 
in  English  presented  extensive  information  on  the  effects  of  organo- 
phosphorns  insecticides  on  conditioned  reflexes  of  animals.  Changes  in 
these  reflexes  appear  to  be  evident  only  after  detectable  cholinesterase 
inhibition*  A return  to  normal  reflexes  occurs  after  prolonged  low- 
grade  exposure  to  the  cholinesterase  inhibitors.  This  indicates  adjust- 
ment of  the  central  nervous  system  to  the  increased  content  of  acetyl- 
choline. Thus,  the  biphasic  effects  of  chlorinated  hydrocarbon  insecti- 
cides as  an  initial  change  ill  function,  followed  by  a return  to  a normal 
state  despite  continuing  action  of  the  chemical  under  test,  is  also 
apparent-  with  the-  anticholinesterase  compounds. 

Without  tests  of  snbclinical  activities  of  pesticides,  the  capability  of 
clinical  toxicologists  to  resolve  maximum-allowable-concent ration 
controversies  or  to  safety  establish  maximum  daily  intake  allowance 
lias  been  aptly  questioned  (Ruffin,  1963). 

Using  mainly  clinical  and  laboratory  toxicologic  methods  includ- 
ing electroencephalography,  Dutch  industrial  toxicologists  surveyed 
8 ’26  insecticide  workers  in  mainly  chlorinated  hydrocarbons  without 
finding  more  than  temporary  signs  and  symptoms  of  acute  toxicity 
(Jager,  1968;  Hoogendam,  1962). 

An  Italian  group  of  workers  (Giaehetti  and  colleagues,  1966)  re- 
ported that  male  rats  treated  with  0.24  mg./ kg.  of  parathion  on  alter- 
nate days  for  1 month  do  not  develop  blood  cholinesterase  inhibition 
but  do  exhibit  n slight  inhibition  of  brain  cholinesterase  and  the 
learning  of  a conditioned  avoidance  reflex  was  hindered.  At  this  low 
level  of  dosage,  there  was  no  interference  with  the  conditioned  reflex 
once  it  was  learned.  Thus  it  appears  that  the  learning  of  a conditioned 
reflex  may  be  a very  sensitive  indicator  of  the  functional  effects  of  ex- 
posure to  cholinesterase  inhibitors.  This  decrease  in  learning  capabili- 
ty obviously  should  receive  further  study. 

Other  American  workers  (Grob,  1953;  Holmes,  1964;  Holmes,  1965; 
Bowers,  1964)  reported  similar  effects  on  the  behavioral  changes  in  man 
following  anticholinesterase  administration.  The  syndrome  observed 
has  been  broadly  classified  as  a state  of  altered  awareness,  fatigue,  in- 
creased irritability,  difficulties  in  coordination,  slowed  mental  processes, 
forgetfulness,  muscular  aches  and  pains,  malaise,  and  lack  of  self- 
control,  Some  of  these  effects  have  been  observed  over  a year  after 
last  exposure. 

One  of  the  military  toxicologists  tested  only  a classified  nerve  or- 
ganophosphorus  agent  capable  of  rapid  skin  absorption  (Bowers, 
1964).  By  applying  minute  doses  of  the  war  agent  to  the  skin,  he  pro- 
duced marked  behavioral  changes  as  the  blood  cholinesterase  level 
fell  more  often  before  gastrointestinal  symptoms  set  in  than  after- 


411 


I 


wards.  At  these  low  dosage  levels,  there  occurred  no  muscular,  optic, 
pulmonary,  or  lower  bowel  signs  or  symptoms  as  should  be  seen  in 
classic  organophosphonis  poisoning.  Sometimes  the  behavioral  changes 
occurred  several  hours  before  two  other  classic  expected  gastrointes- 
tinal signs  occurred.  In  a significant  fraction  of  the,  volunteers,  only 
lwhavioral  signs  appeared  when  cholinesterase  levels  went  as  low  as 
10  percent  of  preexposure  level.  Tims,  no  correlation  of  psychologic 
and  gastrointestinal  symptoms  were  found.  Behavior  changes  usually 
did  not  occur  until  the  whole  blood  cholinesterase  fell  to  40  percent 
of  control  or  lower.  Atropine  treatment  improved  mental  function  as 
had  been  found  by  prior  workers  (Orob,  1047). 

The  military  toxicologist  attributed  the  behavioral  syndrome  to  a 
slight  excess  of  physiologically  active  acetylcholine  in  the  central 
nervous  system  (Bowers,  1964).  People  concerned  about  the  validity 
of  these  behavioral  effects,  which  are  disputed  by  most  toxicologists, 
should  be  aware  of  a deficiency  of  logic  on  the  part  of  one  of  the 
originators  of  the  contention  that  behavioral  effects  occur  during  and 
after  exposure  to  organophosphonis  compound  (Holmes,  1064; 
Holmes,  1065).  Just  l>ecanse  symptoms  disappear  after  treatment  with 
atropine  does  not  mean  they  were  due  to  concurrent  exposure  to  or- 
ganophosphovus  compounds.  Something  else  is  more  likely  to  lx*  caus- 
ing these  symptoms  if  they  are  not  typical  of  organophosphonis  poi- 
soning and  accompanied  by  significant  cholinesterase  inactivation  For 
example,  a pesticide  mixer  went  to  his  doctor  in  1954  with  “symptoms 
typical  of  a severe  cold  which  proved  on  further  examination  to  he 
due  to  anticholinesterase  insecticide  poisoning  (Holmes,  1061)-  The 
symptoms  disappeared  promptly  after  atropine  therapy.”  The  symp- 
toms of  a cold  should  always  be  benefited  by  treatment  with  atropine 
whether  the  man  was  exposed  or  not . Just  because  he  was  exposed  did 
not  make  the  exposure  the  cause  of  the  symptoms.  If  the  worker  had 
other  symptoms  clinically  suggesting  organophosphonis  poisoning, 
they  should  have  been  presented  in  sufficient  detail  to  be  convincing. 
Until  such  convincing  data  becomes  available,  the  contentions  of  their 
observer  must  always  be  considered  as  reflecting  some  ungrounded  bias. 
ITo  overlooked  the  greater  probability  of  a cold  instead  of  organophos- 
phonis poisoning.  This  worker  also  studied  24  patients  receiving  an 
organophosphonis  dmg,  echothiophate  iodide,  as  eyedrops  daily  for 
glaucoma.  Of  these  24,  84  percent  experienced,  within  8 months,  pro- 
nounced red  cell  cholinesterase  inactivation  as  great  as  the  pesticide 
workers’  acute  exposures.  Although  nine  patients  developed  symptoms, 
six  did  not.  Of  these  with  symptoms,  none  must  have  been  definite  be- 
havioral changes  or  the  author  would  have  made  a special  point  of 
them.  Moreover,  the  distributor  of  echothiophate  has  followed  the  use 
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of  this  drug  for  nt  least  7 years  and  1ms  not  detected  behavioral  changes 
such  as  have  been  alleged  to  |x?sticides  (Anonymous,  1069). 

In  addition  to  functional  disturbances,  neuronal  lesions  of  the  nerv- 
ous system  were  recognized  early  as  caused  by  a pesticide  by  a liritish 
toxicologist.  Mi  pa  fox  produced  classic  signs  for  pol}  neuritis  in  three 
manufacturers  in  1051  but  this  pesticide  has  never  been  used  in  the 
lTnited  States  of  America.  (Bidstnip,  1053).  Kvcn  earlier,  the  same 
pathology  had  been  recognized  in  far  earlier  manufacture  of  a related 
nonpostioide phosphate  (TOCP)  (Hunter,  1044). 

Following  tho  earliest  publication  of  recognition  of  subclinical  and 
|x>stcl inical  or  |>ostiritoxication  behavioral  effects  produced  by  organo- 
phosphorus  compounds  in  a limited  percentage  of  those  exposed,  many 
clinicians  in  many  countries  lregan  to  irqxwt  all  sorts  of  minor  be- 
havioral deviations  all  the  way  up  to  complete  psychosis.  In  1958, 
two  cases  of  mixed-type  damage  to  the  nervous  system  were  attributed 
to  mixtures  of  fiesticicles  (Petty,  1958).  The  first  case  was  exposed  to 
pnrathion,  KPN,  l)I)T,dieldriu,atul  lead  arsenate ; the  second  to  DDT 
and  mnlathion.  Although  thero  is  no  doubting,  the  neurologic  lesions 
produced,  tho  exposure  history  and  the  clinical  courses  were  not  at  all 
indicative  that  i>cxtioides  were  responsible.  Febrile  illtn  v$es  and  drug 
treatments  also  complicated  the  interpretation. 

Two  Australian  workers  surveyed  in  1901  a fruit-growing  ana  ex- 
tensively using  oiganophosphorus  |>csfiddes  am;  found  10  cases  of 
psychiatric  sequelae  they  attributed  to  peslic  l fOershon,  1901). 
Tliey  compared  no  control  population.  Tho  typ  \ yohotic  sequelae 
were  mainly  depressive  and  schizoid  tendencies  i radically  all 
other  l>ehaviora|  symptoms  were  detected  in  r *cd  |x>pulation 
as  they  should  have  alro  Ivon  measured  in  comparable  populations. 
Perhaps  some,  but  not  likely  all  of  these  cases  should  be  attributed 
to  organophosphonis  compounds,  The  compounds  suspected  were 
inalatlrioi),  guthiou,  parathion,  trithion,  and  others. 

This  study,  in  part,  triggered  an  epidemiological  investigation  in 
Australia  to  determine  psychiatric  sequelae — especially  schizophrenia 
and  depressive  states — of  exposure  to  organophosphonis  comjKHinus. 
The>  results  revealed  no  such  relationship  (Stoller,  1965). 

Another  nonpesticide  phosphate  drug  (DFID  caused  reactivation 
of  florid  psychotic  attacks  in  patients  with  this  prior  history  (Kown- 
tree,  1950).  These  nsychotic  changes  jrtrsisted  for  some  months.  On 
the  other  hand,  schiiophrenics  were  improved  by  the  int ravenous  injec- 
tions of  acetylcholine  (Kiamberti,  1946).  In  a rebuttal  to  the  above 
Australian's  allegations  that  schizoid  at  i depressive  slates  were  caused 
by  organophosphonis  poisoning,  a critique  by  an  English  authority 
pointed  out  that  if  eight  of  10  greenhouse  workers  in  one  greenhouse 
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had  psychiatric  changes  from  pesticides,  then  tho  world  ex|>eriencc 
should  have  produced  psychotic  tendencies  in  80  ]>encent  of  people 
with  comparable  exposures.  Such  an  exorbitant  incidence  would  have 
been  obvious  in  all  areas  of  extensive  use  of  orgnnophosphorus  com- 
pounds such  as  fruit  growing  areas.  This  means  there  is  something 
wrong  with  or  i>ecii1iar  to  the  Australian  situation  not  attributable  to 
pesticides  nt  legist  at  this  rate  (Barnes,  1961), 

Federal  aviation  workers  in  1964  contended  that  chronic  exposures 
of  pilots  toorganophosphorus  insecticides  were  followed  with  anxiety, 
uneasiness,  giddiness,  insomnia,  somnambulism,  lassitude,  drowsiness, 
tinnitus,  nystagmus,  dizziness,  pyrexia,  paralysis,  paresthesias,  jx)ly- 
neuritis, mental  confusion, emotional  lability,  depression  with  weeping, 
schizophrenic  reaction,  dissociation,  fugue,  inability  to  get  along  with 
family  and  friends,  and  j>oor  work  performance. 

Another  group  of  public  health  toxicologists  searched  very  closely 
from  1960  through  1962  and  less  intensively  from  19.54  to  date  (1969) 
in  the  Northwest  without  finding  confirmation  of  the  so-called  behav- 
ioral effects  of  pesticides  (Durham,  1964  and  subsequent  unpublished 
studies).  Tests  of  mental  alertness  were  not  influenced  by  exi>osnre  to 
organophosphorus  poisoning  unless  symptoms  of  jx)isoning  appeared 
accompanied  by  cholinesterase  levels  low  enough  to  explain  the  symp- 
toms, One  very  dramatic  mild  j>oisoning  case  did  illustrate  the  prin- 
ciple that  it  is  very  likely  for  a poisoned  patient  to  have  such  mild 
clinical  sigU9  and  symptoms  that  lie  will  not  report  them  to  his  physi- 
cian or  employer  unless  he  i.itices  a more  drastic  change  in  his  own 
l)chaviorsuch  as  driving  his  car  carelessly  across  a sidewalk  in  a very 
dangerous  place.  Pilots  have  reported  similar  incidents  to  explain 
errat  ic  beha  vior  causing  crashes. 

The  most  important  conclusion  from  this  paper  is  that  there  have 
occurred  changes  in  behavior  in  workers  that  threaten  the  life  of  them- 
selves and  others  even  though  (hey  do  not  realise  it  and  air  not  aware 
(hat  they  are  poisoned*  Consequently,  it  is  most  likely  these  behavioral 
changes  are  being  missed  frequently  under  usual  conditions  of  ex|xi- 
suro  not  being  r .oscly  surveyed.  It  is  also  likely  that  similar  behavioral 
changes  occur  at  least  teni|>orarily  at  lowered  Mood  cholinesterase 
levels  without  other  detectable  clinical  findings.  This  has  l*en  clearly 
established  in  experimental  animals  many  times  cited  elsewhere  and  is 
similar  to  rejxnts  from  chronically  exposed  workers  (Holmes,  1965; 
Dilie,  1964;  Quinby,  1958). 

An  Kgyptian  studied  25  cases  of  spraymen's  i>oisoning  with  Meta- 
isosystox  and  appropriate  matched  controls.  After  the  acute  symptoms 
of  organopliosphonis  i>oi$oning  had  subsided,  headache,  dizziness,  and 
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muscular  weakness,  especially  in  the  eyes,  persisted  for  “varying 
periods11  (Hegazy,  1965). 

Canadian  health  workers  surveyed  for  3 years  441  apple  orchard 
workers  whose  occupations  involved  occupational  exposure  to  organo* 
phosphorus  compounds,  chlorinated  hydrocarbons,  and  other  pesti- 
cides considered  usual  for  spraying  fruit  and  other  work  in  sprayed 
orchards/ About  26  percent  of  the  people  exposed  for  from  1 to  14 
years  developed  one  or  more  signs  and  symptoms  of  acute  poisoning 
in  the  3-year  period.  Unfortunately,  no  distinction  was  made  between 
topical  and  systemic  poisoning.  A total  of  170  people  living  in  t lie 
sprayed  environment  and  162  people  living  out  of  tlie  sprayed  environ- 
ment were  followed  as  controls.  These  workers  found  no  signs  of  pro- 
longed effects  from  pesticides  after  the  cessation  of  acute  symptoms  in 
an  unstated  number  of  |x)isonings  (presumably  some  less  tbau  26  per- 
cent of  the  cases  with  symptoms)  (Davignon,  1965). 

Clinical  toxicologists  and  epidemiologists  have  made  a number  of 
smaller  epidemiologic  surveys  searching  for  behavioral  effects  attrib- 
utable to  heavy  exposures  to  various  jtfsticidcs,  especially  organophos- 
phorus  compounds  and  chlorinated  hydrocarbons.  These  have  all  been 
reported  as  essentially  negative  in  Mississippi  (Fowler,  1953;  Quinby, 
1958),  in  Arizona  (Ganelin,  1964),  in  Washington  (Surmncrford, 
1953;  Hayes,  1957). 

Two  occupational  health  s|>ecialists  retros|>ectively  surveyed  235 
]>ersons  reported  by  physicians  as  poisoned  by  organophosphates  in 
f difoniia  in  1900.  Of  tlie  235  re|>orted,  114  were  considered  to  have 
had  organophosphorous  poisoning;  six  everely,  54  moderately,  and 
54  mildly.  Followup  was  conducted  for  3 or  more  years.  Of  these, 
43  had  complaints  that  l>ersisted  up  to  6 months  and  33  still  had  com- 
plaints after  3 years.  These  complaints  were:  optic,  gastrointestinal, 
headache,  cardiorespiratory,  ne  'ropsychiatric,  and  miscellaneous. 
There  were  no  psychotics.  Ten  individuals  had  persistent  symptoms 
primarily  referable  to  the  central  nervous  system.  None  felt  it  was 
caused  by  organophosphorus  poisoning.  There  were  other  likely  ex- 
plainable causes  for  six  of  these  10.  Intolerance  of  odor  of  pesticides 
was  mentioned  by  20  (17  torrent)  of  the  poisoned  patients  and  was 
l*lieved  to  1*  |>sychogenic  conditioning.  Hie  authors  believed  they 
would  have  detected  serious  sequelae  of  high  incidence  but  would  likely 
have  missed  minor  after  effects  or  major  one  of  low  incidence  (Taber- 
shaw,  1966). 

The  Colorado  encephalngraphers  examined  sleep  patterns  of  two 
|>cople  with  histories  of  varying  degrees  of  organophosphatc  exposure. 
Teenage  and  occupation-matched  controls  were  compared,  Kxj^osod 
workers  had  KKM  (rapid  eye  movement)  times  not  significantly  differ- 
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cut  on  the  first  night  from  controls.  However,  the  cxjxiscd  group 
showed  a high  proportion  of  unusually  long  HEM  periods,  six  out  of 
44  periods  exceeding  50  minutes  and  three  of  these  six  prolonged 
periods  were  longer  than  1 hour.  In  the  control  group,  one  REM  ]>criod 
exceeded  50  minutes  out  of  34  REM  periods.  One  exposed  subject 
showed  unambiguous  REM  periods  of  107  minutes  duration.  While 
the  authors  present  this  in  such  a way  that  considerable  significance 
might  be  attached  to  the  differences,  only  the  one  prolonged  REM 
l>eriod  of  107  minutes  differs  from  the  longest  control.  No  details  of 
history  are  given  to  explain  this  difference  (Stoyva,  1008). 

In  an  earlier  paper,  the  same  group  found  nine  of  12  subjects  with 
narcoleptic  sleep  patterns  and  two  with  disturbances  of  normal  cycling 
of  sleep  stages  with  unusually  long  stage  I sleep.  If  these  are  the  same 
12  patients  as  reported  in  their  later  pa|>en  the  other  unexposed  con- 
trols had  almost  as  long  REM  periods  as  all  the  exposed  with  the  one 
patient  excepted.  The  paper  also  listed  a long  list  of  psychiatric  differ- 
ences  between  the  exposed  and  unexposed  controls.  The  differences 
cited  are  open  to  statistical  question. 

There  have  been  two  earlier  reviews  of  sequellae  of  org.inophos- 
phorus  jioisonlng.  In  1005,  the  first  reviewer  from  California  classified 
the  neurologic  sequcllac  that  were  known  or  suspected  to  occur  after 
poisoning  with  organophosphoms  eom)>ounds:  (1)  Immediate  muscu- 
lar weakness  jx*rsisting  long  after  the  disap)iearance  of  other  signs 
and  symptoms;  (2)  irreversible  paralysis  with  demyclination;  and 
(3)  psychiatric  disturbances.  The  one  British  report  of  Mipafox 
causing  peripheral  neuritis  was  accepted  as  completely  beyond  ques- 
tion but  that  reviewer  concluded  there  was  found  no  convincing  evi- 
dence to  causally  relating  organophosphoms  exposure  to  j^sychiatric 
disorders  in  the  United  States  (Milbv,  1W>5)« 

Dr.  Irnia  West  of  the  California  State  Department  of  Public  Health 
had  followed  occupational  pesticide  poisoning  in  that  State  for  14 
years.  She  considered  that  brain  anoxia  from  respiratory  failure  dur- 
ing acute  poisoning  as  the  most  easily  idcnlifirble  scquella  of  the 
nervous  system  and  this  has  been  recognized  as  a residual  in  cases  with 
severe  cyanosis.  Overtreatimnt  with  atropine  and  hyperthemia  was 
jxiinted  out  as  another  likelihood  but  has  not  boon  reported  as  such. 
Phcnolhiozinc  tranquilizers  have  increased  the  severity  of  |K>isoning 
and  might  add  to  brain  damage  but  this  has  been  reported  only  once 
(Arterberry,  lf>02).  No  clear-cut  cases  of  1*havior  changes  were  re- 
ported from  California  in  this  paper  ( West,  1968). 

For  1 to  3 months  each  during  2 years,  four  WHO  toxicologists  and 
staffs  closely  followed  teams  of  sprayers,  in  El  Salvador,  Nigeria,  and 
Iran  who  were  treating  houses  for  malaria  mosquito  control  with  the 
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carbamate  Baygon  (Babione,  1965;  Babione,  1966;  Davies,  1967; 
Quinby,  19G7;  Vandokar,  1965;  Vandekar,  1966).  They  detected  up 
to  100  percent  attack  rates  of  acute  mild  anticholinesterase  poisoning 
in  spraymen  and  about  1 percent  in  the  inhabitants.  However,  no 
seqitellae  or  behavioral  effects  were  defected  beyond  the  2 days  of  acute 
poisoning  in  each  case.  No  epidemiologic  search  was  possible  on  a 
systematic  basis  on  the  inhabitants  living  in  treated  homes.  However, 
the  reporting  of  complaints  was  routinized  and  some  homes  were 
treated  three  times  in  three  cycles  about  100  days  apart  closely  ob- 
served. The  investigators  in  El  Salvador  noted  that  new  spraymen 
were  poisoned  more  quickly  than  employees  without  prior  repeated 
exposures  to  both  DDT  and  Baygon. 

A practitioner,  coroner,  and  public  health  toxicologist  noted  marked 
behavioral  changes  in  a mentally  defective  man  poisoned  with  phosdrin 
and/or  paratliion  (Arterbcrry,  1962).  On  the  ninth  day  of  recovery, lie 
was  given  a phenothiazine  tranquilizer  for  mental  unmanngeability. 
His  anticholinergic  signs  and  symptoms  recurred  so  severely  that  lie 
died.  Naturally,  this  led  to  the  assumption  that  there  must  be  an  un- 
appreciated i>otentiation  of  organophosphorus  com|>ounds  by  pheno- 
thiazine  derivatives.  When  suggested,  this  was  later  confirmed  in 
animals  by  laboratory  coworkers  (Gaines,  1962). 

Two  internists  attributed  two  cases  of  polyneuropathy  to  aldrin  and 
endrin  respectively.  However,  their  grounds  for  belief  for  causal  rela- 
tionships are  not  convincing  (Jenkins,  1964). 

A pediatric  toxiocologist  in  a poison -control  center  conducted  de- 
tailed |isycliomctric-j>sycliologic  evaluations  on  41  children  18  months 
to  14  years  after  an  acute  central  nervous  system  poisoning.  No  overall 
differences  were  seen  in  these  children  when  compared  to  control  pa* 
tients  who  had  ingest ed  other  toxic  agents  not  snspected  to  affect  the 
nervous  system.  The  eight  children  who  had  had  convulsions  only  from 
their  intoxication,  however,  showed  decreased  learning  ability  and 
seven  of  the  eight  had  lieliavioral  difficulties.  Chlorinated  hydrocarlxm 
lies!  icides  were  the  principal  cause  of  convulsions  in  this  group  of  eight 
children  (Angle,  1968). 

lie harioral  effeel*  of  Wrrnf*.-— Kerosene  or  xylene  and  related  dis* 
tillates  in  the  air  can  cause  dizziness,  |>oor  coordination,  and  confusion 
leading  to  coma  if  the  patient  does  not  get  better  ventilation  (Hayes, 
1908).  Some  victims  have  been  mistakenly  believed  to  be  drunk  on 
alcohol  until  the  proper  history  wasobUintd. 

Undiluted  l)MSO  produced  a depression  of  spontaneous  motor 
activity  without  an  effect  on  hexobarbital  sleeping  lime  or  the  condi- 
tioned avoidance  response  of  rats  (Weiss,  1907). 

ffrhoriorfit  The  Continuous  Performance  Test  measured  the 


ability  of  a subject  to  react  to  different  0.02-second  sequences  of 
letters  wit  bin  0.69  seconds  (Rosvold,  1956). 

Seconal  and  chlor promazine  will  act  to  disturb  tbe  cortical  activat- 
ing system  of  the  brain  and  produce  impairment  in  performance  on 
the  Continuous  Performance  Test  (Mirsky,  et  ah,  1959). 

Nonfocal  (centroencephalic)  patients  perform  more  poorly  than 
focal  epileptics  on  the  test  of  attention,  whereas,  there  was  no  differ- 
ence on  the  memory  test  (Mirsky, et  al.,  1960). 

Sleep  loss  caused  dccieased  performance  on  the  Continuous  Perfor- 
mance Test  ( Koine!  sky,  1959). 

Both  sleep  deprivation  and  clilorpromazine  produced  marked  im- 
pairment in  the  iierformance  of  the  attention  test,  less  so  with  the 
former — all  subjects  showed  slowing  of  the  electroencephalogram, 
increased  respiratory  length  and  increased  finger  pulse  amplitude  as 
compared  with  i>erformaiice  of  subjects  when  in  normal  state  (Mirsky, 
1962).  A hypothesis  was  presented  to  explain  the  dissociation  of  the 
effects  of  various  control  acting  drugs  and  other  agents  (Kd  note: 
Such  as  l>osticides)  on  performance  on  the  Continuous  Performance 
Test  and  tin  Digital  Symbol  Substitution  Test.  The  tests  were  affected 
differently  l>ccanso  they  depended  on  a functioning  of  different  neuro- 
logical organizations  in  tliebrnin  (Mirsky,  1064). 

In  the  pharmacological  context  of  liehavioral  effect*  of  drugs,  there 
should  bo  no  questioning  that  organophosphorus  com|>onnds,  whether 
they  l>c  drugs  or  )>csticidcs,  do  have  behavioral  effects  changing  the 
res]>onso  of  the  patient  to  dosages  of  ncurotrnpie  chemicals  sufficient 
to  produce  them.  Psychosis,  reactivated  by  DPP  ( Rountree,  1950), 
persisted  for  months  after  t lie  dosage  stop|>ed.  On  the  other  hand, 
schizophrenics  improved  with  injection  of  acetylcholine  (Finmborti, 
1016).  As  in  dosage  rcs|>onse  to  drugs,  there  is  a great  range  of  dosage 
res|)onsc  levels  in  patients  to  jieslieides,  Subjective  mood  changes  have 
l>een  carefully  measured  for  drugs  hut  not  as  well  for  |KSticides.  Con- 
ditions of  observation  for  \>csficides  have  not  l>ceii  as  well  controlled 
except  in  cxjierimental  animals  where  conditioned  reflexes  and  other 
liehavior  changes  have  Ikcii  well  documented.  Many  clinicians  have 
descrilicd  all  degrees  of  liehavioral  changes  from  brief  inattentiveness 
to  violent  mania  in  acute  organophosphorus  jKiifoning.  Some  oltservers 
have  found  these  less  severe  liehavioral  changes  in  exposed  patients 
without  other  classic  signs  of  |>oisoning. 

Confounding  the  causal  relatinnsliijts  of  jicsticiflcs  to  Itchavioml 
effects  are  the  many  other  undisputed  causes  of  lehavior  changes : 

1.  Highly  prevalent  psychonentoscs  and  psychoses  of  non|**sticidc 
origin.  This  includes  the  toxiphohias  and  emotional  antipathies  to 
pesticides  that  are  indirectly  caused  by  j^csticides.  Direct  causal  effects 
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hnvo  been  established  of  pesticides  musing  psychogenic  odor,  abhor- 
ence,  and  even  nausea  with  vomiting.  Unfortunately,  too  many  epi- 
demiologic studies  of  behavior  changes  from  pesticides  have  not 
included  adequate  control  populations  to  measure  all  these  non- 
pesticide-mused  behavioral  changes. 

2.  Sleep  deprivation  and  its  severe  effect  on  behavior  is  insufficiently 
appreciated  by  investigators  and  the  public.  Many  pesticide  workers 
endure  sleep  deprivation  during  and  after  exposure. 

3.  The  influence  of  alcohol  upon  behavior  is  well-known  but-  diffi- 
cult, if  not  impossible,  to  measure  in  conditions  of  occupational  or 
population  study, 

4.  Drugs  have  been  proven  to  interact  and  potentiate  acute  poison- 
ing but  studies  below  obvious  poisoning  levels  in  humans  are  utire- 
ported  it  not  undone. 

5.  Financial  motivations: 

Money  changes  human  behavior  in  relation  to  pesticides.  Medical 
insurance  payments,  rewarding  or  loss  litigation,  and  industrial  com- 
pensation have  caused  patients  to  malinger  and  industries  to  minimize 
or  conceal  toxic  effects, 

C.  Other  miscellaneous  causes  of  behavior  changes  such  as  aging, 
trauma,  and  hormonal  changes  in  behavior  have  been  documented 
l>efore  the  patient  was  aware  that  he  was  poisoned  and  sought  medical 
diagnosis  and  care. 

Needless  to  say,  a great  deal  of  more  careful  study  needs  to  be  done 
on  behavioral  effects  of  pesticides  on  humans  and  in  experimental  ani- 
mals in  order  to  define  which  should  lx*  attributed  sob-ly  to  pesticides, 
to  interacting  causes, and  to  nonpest icidc  causes. 

fWc/iMtW*. — There  are  obvious  'tchavioral  effects  of  organo- 
phosphorns  iKsticidcs  during  and  xfter  the  acute  and  chronic  clinical 
|>oisoning  jxriods.  There  are  conflicting  reports  of  the  extension  of 
these  post  poisoning  symptoms  for  up  to  42  years  or  longer.  In  experi- 
mental animals,  there  are  behavioral  changes  long  l>cfore  onset  of 
other  classic  signs  of  ]K>isoning,  but  there  is  only  suggestive  conflicting 
evidence  that  this  has  occurred  in  man  from  jiesticidcs.  The  proof  is  al- 
ready available  from  sjK*cial  nerve  ty)*1  chemical  war  agents.  As  with 
other  mental  aberrations,  there  is  indisputable  proof  that  liehavioral 
changes  dangerous  to  the  patient  ami  the  public  occur  Itfforo  he  realizes 
lie  is  poisoned  with  [>cslioidos  and  seeks  medical  care.  There  is  no  doubt- 
ing the  damage  to  the  nervous  system  up  to  2 years  caused  bv  otic 
fluorine  containing  organic  phosphorus  |x*sticido  (mipafnx)  but  Ibis 
(lesticide  lias  not  liecn  used  in  the  U.S.A.  Regrettably,  but  as  expected 
the  literature  is  con  fused  by  an  assort  ment  of  unconfirnKxl  allegations 
that  organic  phosphorus  and  chlorinated  hydrocarbon  pesticides 


cause  bizarre  cli alines  in  behavior  that  presently  make  no  sense  at  all 
to  clinical  toxicologists,  psychiatrists,  clinical  psychologists,  epidemi- 
ologists, and  public  health  physicians.  Pesticides  per  *e  have  not 
been  established  ns  a cause  of  schizophrenia  or  depressive  psychoses 
even  though  preexisting  attacks  may  he  exacerbated  by  organo- 
phosphorus  compounds  certainly  at  clinically  toxic  levels  it  not  be- 
low. Chemical  war  agents  a?r  known  to  do  so,  however. 

CITKP  RKFKRFXCRS 

Angle,  C.  R.  M'  rrr.  R.  ?#. : Xrnrolojrlc  sequelae  of  |*>lsonln*r  in  children.  .T.  Pedi- 
atric*. 73 : 531-0.  Oc(ol>cr  KM*. 

Anonvmoi**:  Physiol  nils*  desk  reference  to  pharmaceutical  specialties  and  bio- 
logies. Pub.  by  Med  Komi  I lie.  23d  Kd.  1000, 

Autormry.  J.  TV.  Romeacf.  R.  \V.,  Nash.  R W..  Qiinry.  O.  B. : Potentiation  of 
phosphorus  Insecticides  by  pheuoihlarlne  derivatives.  JAMA  1S2:  843-50.  24 
Nnvrinlier  1002. 

Kamone,  R.  W.l  Toxicological  observations  of  OMR-33  In  rilla ire-scale  trials 
ITT.  rnpuhllshcd  rc|>nrl  of  WHO.  1005. 

Harionr,  R \\\.  Qi  inry.  n.  R.  Hern  ante?.,  Moreira.  C.  K : Toxleolo*rcnl  ob- 
servations on  the  use  of  24sopropoxy-phcriyl-n-tncthyl  carKnmate  { Payton) 
ns  a malaria  (ontrol  InsooUcldc  in  Bl  Knlvador.  ludnstr  Me<1  Sur*  35:  300. 
1000. 

Karnes.  J.  >1.:  Psychiatric  sequelae  of  chronic  e*i>osiiro  to  nryanophosphont* 
Insecticides,  lancet.  S Jnly  lOflt. 

11  art n.  R.  A,  J. : Pesticide  loxlclly  In  primate.*.  Vnpubllshed  doctoral  orienta- 
tion. Tulanc  Pnlverslty  ( Abstract  only).  1007. 

UmsTRvr.  P.  f#..  Ron  Mil,  J.  A..  Reckett.  A.  0.:  Paralysis  following  jsMsoning 
by  a new  organic  phosphorus  insecticide  (Mipaf->x.l  Rrit  Med  J.  1 : 1003-1072, 
1053 

Rowers.  M.  IV  Jr..  fl nor>\i  an.  R.  Sim.  V.  M. : Some  H havloral  changes  In  man 
following  anticholinesterase  administration  J.  Xcrv  Mont  Risense.  13*:  .VVV^. 
1004. 

llRonr.  J.  V. : Procedures,  problems  and  pcrsix'ctlvc*  In  animal  liehavioral  studies 
of  dritft  activity.  In  J.  O.  Pole  A R.  \V.  Herald  lKds.1  Psychojdiarmacolngy : 
Problems  in  Evaluation.  Washington.  ll.P. : XAS-XRC.  llVtJt. 

Rroviiey.  R.  IV.  11  arc.  P.:  Tremor  and  changes  In  reflex  stains  produced  by 
RRT  In  decerebrate,  decerebrate -dccc  ret  *4  la  to.  and  signal  animals  Rull 
Johns  Hopkins  Hospital.  *1 : 41 4 42a. 

IfaUea.  J.  B,  Ravi*.  J.  II..  pRAiutx,  IV  R.  Manx.  J.  IV.  Reich,  0.  A..  Toccr. 
R.  M. : Rlslnfbanccs  of  metabolism  In  organophoephnte  poisoning.  Industr  Med 
Rnrg.  M :&%-<: 2. 1007. 

Ravic.xox.  1.  F..  St.dhERRE  J..  PuaRFSt  O , Tot  RAxcpA!'  P.  J. : A study  of  the 
chronic  effects  of  Insecticides  fn  man.  Panad  Med  Assoc.  J.  R2 : 507-0R2.  March 
1WKV 

Ruir,  J.  ft..  8mitif.  V.  IV,:  Pertral  nervous  system  effects  of  chronic  exposure 
to  or ra nophosphate  ln«ccllcfdos.  Aerospace  Med  ,V> : 474-47*.  May  1004. 
lltlttAV,  W.  F.,  W ot  it.  It.  R.  Qiinry.  O.  R:  Kffed  of  organic  idtospbotn* 
pestktdes  on  mental  alertness.  Fed  Pmc.  25:  17<V  March-April  1004. 
Fiavmrit.  A.  M. : 1/aeetOeolina  nolle  slndfoml  whlrostenlehe : Inter! relatione 


patogrurtlcA  ilrlla  dissociartone  mentalc  e sua  npplicarione  ter.'.teutica.  Riv 
Pat  nrrv  incut.  GO  : 1-454,  1040. 

Follies,  D.,  Metcalf,  I).  K.p  Stoyva,  .1. : Abstracts  of  i>ai>ers  presented  to  the 
eighth  annual  meeting  of  the  association  for  the  i»s.vchophyglologlcal  study  of 
sloop,  Psychophysiology.  5: 108-200, 10G8. 

Fowler,  R,  K.  I..:  Insecticide  toxicology.  Manifestations  of  cottonfleld  Insectl* 
clde'j  In  the  Mississippi  Delta.  J.  Agri  Fd  Chein.  I:  4G9-73,  June  1053. 

O ai nes,  T.  14. : Poisoning  by  organic  phosphorus  ijcstlcides  intent lated  by  phono- 
thlarine  derivatives.  Science.  138: 1200-1, 14  December  1902. 

Ganelin,  R.  8.,  Crrro,  U.  Jit,  Mail,  <1.  A.:  Kxposure  to  parthion.  JAMA  1R8: 
807-10,  June  1004. 

Gershon,  S,  Siiaw,  F.  II.:  Psychiatric  sequelae  of  chronic  exposure  to  organo- 
phosphorus  Insecticides.  Lancet.  1371-4,24  June  1901. 

Giaciietti  A.,  Ciappi  O.,  Gierra,  M. : The  effects  :>f  parathlon  on  the  condi* 
Honed  avoidance  resi>otise  of  the  allilno  rat.  Sclenr.e  Diologlche  e Medlche. 
30:  1078-80,  1000. 

GoU'BERO,  M.  K.,  Johnson*,  If.  E , Knaak,  J.  14.,  Smyth,  11.  K.,  Jr.:  Psychophar* 
niacologlcal  effects  of  reversible  cholinesterase  inhibition  Induced  by  Ninethyl 
3-lsopropyl  phenyl  carbamate  (cortijiound  10854).  J.  Pharmacol  and  Kxp  Thor. 
141 : 244-52,  August  1903. 

Gou>stf.in,  N P.,  Jones.  l\  It.,  Brown,  Jr.:  Periptieral  neuropathy  after  ex- 
l>osure  to  an  esther  of  the  dichlorophenoxyacetlc  acid.  JAMA  171:  1300-00, 
November  1959. 

Orob,  1).,  LilientiiaL  !<.*  Harvey.  A.  M.*  The  administration  of  DFP  to  nian. 
Ill:  Effect  on  the  central  nervous  system  with  six'dal  reference  to  the  electri- 
cal activity  of  the  brain.  Hull  Johns  Hopkins  Heap.  81:  257-GO,  1947. 

Grob,  1).,  Harvf.y..  A.  M. : The  effects  and  treatment  of  herve  ga.s  poisoning. 
Amer  J.  Med.  14 : 52-G3,  January  1953. 

IIassen.  A..  Ci  frro,  C..  Jr.  : Changes  In  the  metabolism  of  biogenic  amines  follow- 
ing the  administration  of  carkaryl  to  rats.  In  press. 

Haynes,  \V.  J.,  Je,  Dixon.  E.  M.,  Batchelor,  G.  S.,  Cpiioi.t,  W.  M. : Exposure  to 
organic  phosphorus  sprays  and  occurrence  of  selected  symptoms.  Pub  Health 
Rep.  72 : 787  794.  September  1957. 

Hates,  IV.  J.,  Ja. : Effect  of  pesticides  on  human  health.  NACA  News  and  Peat  I- 
cide  Review.  22 : 3 0,  October  1903. 

— * : Clinical  Handlmok  on  Economic  Poisons.  I’.R.  Detriment  of  Health, 

Education,  and  Welfare.  l\S.  Government  Printing  Office,  Washington.  1963 

Toxklty  of  i-  stlddcs  to  man:  Risks  from  present  levels.  Proc  Royal  8oc. 

II.  167:101-27,  1907. 

Heath.  D.  F. : Organophosphorus  ixrtsons.  IVrgamon  Press.  New  York.  1901. 

IIegaiy,  M.  R. : Poisoning  by  metaisosyslox  In  s|>raymen  and  In  accidentally  ex* 
tosed  patients.  Brit  J ImiuMr  Med.  22:230.  19&Y 

1 1 olm is.  J.  II. : Orga nophosphorus  insecticides  In  Colorado.  Arch  Environ  Health. 

9 :4LVAt,  1964. 

Clinical  studies  of  exposure  to  the  organophosphorus  Insecticides,  In  Re- 
search In  IVstlcides,  Av  .detuic  Press.  315-27,  October  1905. 

Hoogf.xdav,  1 , Vebsteeo,  J.  P.  J.,  ViIEGER,  M.  I>. : K’ectr  xnoephaiogratns  In  In- 
secticide toxicity.  Arch  Environ  Health.  4:88-94.  Uk/A 

Hoogenbam.  1 , Vibstteo.  J.  P.  J..  be  Vtiw>ra,  M. : Nine  years*  toxkity  control 
In  insecticide  plants.  Arch  Environ  Health.  441-8,  March  1905. 

Hvxttr,  D.  iTaav.  K.M.A  . Kvass,  R.  R. : Tnxk*  potyneutrltis  arising  during  the 
manufacture  of  tricresyl  phosphate.  Rrit  J.  tnd  Med.  1 :227, 1944. 


.Taker.  K.  W. : Alcirin  nnd  (Held r In  manufacture:  A inodlrnl  survey.  10GS  (In 
press ) . 

.Teski.np.  R.  P,  Him.,  Toou;  .1.  K.:  Polyneuropathy  following  exposure  to 
Insecticides,  Arch  Intern  Med.  113:001-5.  .In mm ry- June  1004. 

Kiiairy.  M. : Changes  In  behavior  associated  with  ft  nervous  system  j>oIson  (1)1>T), 
Quart  .T.  Kxj»er  Psych.  0:84,  1050. 

Koei.lk,  O.  II.:  Cholinesterases  nnd  anticholinesterase  agents.  Sprlngci»Vcrlng, 
Berlin,  1003. 

Kornetsky,  C..  Mirskv,  A.  F„  Kessie.r,  K.  K.,  1>orff.  .1.  K. : The  effects  of  dextro- 
amphetamine on  behavioral  deft  lei  ts  produced  l»y  sleep  loss  In  humans.  J. 
Pharmacol  Exp  Thor.  127 :40-50,  September  1050. 

Medved,  I*.  I..  Spyn\\  K.  I.,  Kaoa.v,  1.  8.:  The  method  of  conditioned  reflexes  in 
toxicology  nnd  its  application  for  determining:  the  toxlelty  of  small  quantities 
of  iiestEcldcs.  Academic  Press,  N.Y.,  Residue  Reviews.  C:41-70,  10G4. 

Mil  ay,  T.  H. : Neuromuscular  nnd  psychiatric  effects  following  cxi>osnrc  to  or- 
gnnlc  phosphate  pesticides.  1P05.  (An  unpublished  review). 

Mirskv,  A.  F..  Marsan,  C.  A.,  Rosvojd,  H.  K , Stevens.  J.  R. : A comparison  of  the 
I*\vchologicnl  test  jierformnnee  of  imtlcnls  with  focal  nnd  nonfoonl  epilepsy. 
Kip  Neurol  2:75-80,  10CO. 

Mirsky,  A.  F..  et  al : The  effects  of  ehlorpromnrlne  and  secobarbital  on  the 
C.P.T.  (Continuous  Performance  Test).  J.  Xerv  Mont  I>s.  128:12-17,  1 SW0. 

Mirskv.  A.  F..  Pardon.  P.  V.,  Jr. : A coinjmrlson  of  the  liehnvloral  nnd  j>hysiologb 
cal  changes  accompanying  sleep  deprivation  and  ehloropromnilne  iidmlntstrn* 
tlon  in  man.  Elect rocnceph.  Clin.  Neurophysiol.  14:1-10.  1002. 

Mirskt,  A.  F.t  Krrnetskv.  C. : On  the  dissimilar  effects  of  drugs  on  the  digit 
symbol  substitution  nnd  continuous  iiorfonnnnce  tests.  A review  nnd  pre- 
liminary Integration  of  Ivehnvlornl  and  physiological  evidence.  Psychophnr* 
mncol.5 : 101-77, 10<M. 

(V  TTrien,  11.11. : Toxic  Phosphorus  Esters.  Aeadatulc  Press.  N.Y.,  1000. 

Insecticide  Action  and  Metabolism.  Academic  Press.  N.Y.,  1007. 

Paramonciiik,  \’.  M:  Diver  function  of  workers  engaged  In  the  production  of 
certain  organochlorlne  chemical  toxins.  8o\ct  Mini.  H May  10G0. 

Petty,  C.  8. : Organic  phosphate  Insecticide  i*nlso,Vng  Amer.  J.  Mod.  24  : 407-70. 
January-June  1058, 

QriNsr.  O.  K.,  WAtKrn,  K.  r.  Di  rham,  1Y.  K. : Ihibllc  health  hazards  Involved 
In  the  use  of  organic  pbosj4ioroit«  i*>sticlde*  In  cotton  culture  In  the  Dcttn 
area  of  Mississippi.  J.  Kcon.  Knt.  M : 831-838,  December  1058. 

Qi  insv.  O.  K. : Toxicology  consultant's  re|«nrt  on  cycle  5 of  n.MS-33  fltaygon) 
spraying  In  F.l  Salvador.  Vti|*tb11shcri  report  of  WHO  1007. 

RieittER,  C.  P. : Neurological  basis  of  res|onsc«  to  stress,  in  Neurological  Basis 
of  Behavior : U.  K \\\  Wolstenholme  and  i\  M.  O'Conner.  Utile.  Drown  and  iV. 
Dost  on,  1058. 

Rosvoiji,  II.  K,  et  At. : A continuous  jierfornianoe  test  of  brain  damage.  J.  Con- 
sult. Psychol.  20 : 343-50, 1050. 

IlowNtnrr,  D.  IV.,  Nevis.  8.,  1Yiiao>,  A.:  The  efTc\4s  of  dilsnpfupyl  ftuomiihos- 
phoejate  In  schtfophrenla  and  manic  depressive  i*ychosK  J.  Neurol.  Neuro- 
snrg.  Psychlat.  13:  47,  1050. 

DrrriN,  J.  D. : Functional  Testing  f >r  Dchavloral  Toxicity : A missing  Dimension 
In  Experimental  Kn v I mental  Toxicology.  J.  (Vv.  Med.  5:  117-21.  March  1PG3 

SiiaxriaNix  D.  k:  Involvement  of  sptnal  cord  and  Krlpberal  nerves  In  DDT* 
l*olsonlng syndrome  In  RlMno  rats.  Toxic  A|»fd.  Pharmacol.  6: 187-213,1004. 


422 


Spynu,  E.  I.:  Assessment  of  psychologic  changes  In  the  early  stages  of  poisoning 
with  diene  Insecticides.  Gig.  Tr.  Prof.  Zabol.  8:  20-30,  1004  (Rus.),  Fed.  Pro- 
ceeding Translation  Supplement,  24 : T 1121, 1065. 

Stokinoer,  H.  E. : New  concepts  and  future  trends  In  toxicology.  Indus.  Hygiene 
J.  8-10,  January- February  1062. 

Stouter,  A.,  KamxBKi,  J.,  Christophers,  A.  J.  Blanks,  G.  K.  Organophot - 
phorus  Insecticides  and  major  mental  Illness.  Lancet  1357-8,  June  26,  1065. 
SuMERroRD,  W.  T.,  Hayes,  W.  J.,  Jr.,  Johnston,  J.  M„  Walter,  K.,  Spiliane,  J. : 
Cholinesterase  resigns*  and  symptomatology  from  exposure  to  organic  phos- 
phorus Insecticides.  AMA  Arch,  Indus,  Ilyg.  7 : 383-8,  May  1053. 

Tabershaw,  1.  R.,  Cooper.  W.  C. : Sequelae  of  acute  organic  phosphate  poisoning. 
J.  Occup.  Med.  8 : 5-20,  Jan.  1006* 

Thomsen,  O.  R:  The  effects  of  small  dally  doses  of  endrln  on  primate  t>e* 
hnvlor  (In  press).  Proceedings  of  the  Second  International  Congress  of  Prlma- 
tology.  1060. 

Uiir,  II.,  Miller,  J.  C. : I)rug^  and  Behavior.  John  Wiley  A Sons,  Inc.  New 
York  1000. 

Fpholt,  V.  M.,  Quinsy,  O.  R,  Batcheior,  G ,S„  Thompson,  J.  P. : Visual 
effects  accompanying  TEPP  Induced  miosis,  AMA  Arch,  of  Ophthal.  56 : 123-34, 
July  1056. 

Vandekar,  M.,  Reiner,  E.  Svetlicic,  B.,  Fajoetic,  T. : Value  of  ED*  testing  In 
assessing  hazards  of  acute  |K>tsonlng  hy  carbamates  and  orga nophosphates. 
Brit.  J.  Industr.  Med.  22  : 317, 1905. 

Vasdekar,  M.f  Rnttlicic,  B.:  Observatlora  on  the  toxicity  of  three  anticholines- 
terase Insecticides  In  a vlllage-seate  trial  and  comparison  of  methods  u*cd  for 
determining  cholinesterase  activity.  Arh.  hlg.  rada.  17:133-50,  1966. 
yon  Oettixoen.  W,  F. : The  halogenated  hydrocarbons  toxicity  and  potential 
danger.  PtIS  Publication  No.  414.  IIS.  Government  Printing  Office,  Wash* 
tngton,  D.C.,  1055. 

Weiss.  K R..  Oreel,  R.  A. : Some  comparative  toxicologic  and  pharmacologic 
effects  of  dimethyl  sulfoxide  as  a jN^tlclde  solvent.  Toxicol.  A Apptted  Phar- 
macol. 11 : 346-57, 1067. 

West,  f. : Sequelae  of  poisoning  from  phosphate  ester  pc*ticlde\  Ind.  Med.  Surf. 
37  : 338,1068. 

Krpcrimtnlal  animal* 

The  toxicity  of  |>csticides  lias  been  studied  in  a variety  of  experi- 
mental animals  in  an  attempt  to  learn  about  the  toxicity  of  these 
compounds  to  man. 

A correlation  has  been  shown  to  exist  between  acute  toxicity  levels 
as  determined  in  experimental  animals  and  the  occupational  hatard 
of  pesticides  to  man  based  on  actual  use  experience  (Gaines,  I960). 
Gaines  has  also  presented  evidence  that  there  is  a closer  relationship 
Mwcen  acute  dermal  Id)*  values  and  the  occurrence  of  occupational 
j>oi«oning  than  between  oral  Id)*  values  and  occupational  poisoning. 
The  prediction  of  occupational  |>oi$oning  for  man  may  lie  improved 
somewhat  by  studying  the  effect  of  repeated  dermal  doses  of  a pesti- 
cide in  animals  (Hayes,  I960). 


There  also  appears  to  be  a correlation  between  toxicity  values  from 
experimental  animals  nncl  the  occurrence  of  fatal  poisoning  in  man. 
Hayes  and  Pirklc  investigated  the  119  deaths  in  the  United  States  in 
1961  which  were  attributable  to  pesticides.  Six  of  these  deaths  were 
caused  by  chlorinated  hydrocarbon  insecticides,  24  were  duo  to  organic 
phosphorus  pesticides,  and  68  were  caused  by  inorganic  and  botanical 
compounds. 

These  proportions  are  in  general  conformity  with  the  relative  acute 
oral  LD*0  values  for  Oiesc  materials.  In  general  the  acute  toxicity  of 
the  organic  phosphorus  pesticides  is  greater  than  that  of  the  chlori- 
nated hydrocarbon  compounds;  however,  the  persistence  of  the  latter 
is  greater.  In  the  fatal  cases,  only  17  (16  percent)  were  occupational 
while  80  cases  (72  percent)  involved  oral  ingestion. 

It  is  difficult  to  obtain  data  to  confirm  that  the  expected  relationship 
exists  between  the  toxicity  of  repeated  doses  of  a pesticide  in  ex|>ori* 
mental  animals  and  the  hazard  of  repeated  low-level  exposures  to 
the  same  chemical  in  man  for  the  newer  synthetic  pesticides,  since 
most  of  these  compounds  have  not  produced  poisoning  in  man  at  low 
exposure  levels. 

The  selection  of  an  animal  species  to  provide  indications  of  hazard 
to  man  is  important.  There  arc  some  manifestations  of  toxicity  which 
apparently  can  only  be  produced  in  ci  tain  species.  For  example,  the 
delayed  neurotoxicity  (“ginger  paraiysis'*  or  “jake-leg**)  produced 
in  man  by  triorthocresyl  phosphate  and  certain  organic  phosphorus 
insecticides,  could  be  induced  only  in  chickens  and  calves  among  vari- 
ous experimental  animals  tested. 

Some  toxic  effects  seem  to  have  great  quantitative  variations  be- 
tween species,  such  as  the  liver  histopathology  seen  with  low  dosages 
of  DDT  in  rodents,  but  only  with  much  higher  dosages,  if  at  all,  ill 
other  species.  There  are  also  differences  in  the  metabolic  pathways  of 
foreign  chemicals,  including  pesticides,  between  different  species,  For 
example,  the  rat  and  man  convert  DI)T  to  DDE  while  the  monkey 
seems  to  lack  this  capacity. 

In  addition  to  studies  in  experimental  animals,  some  interesting 
work  has  also  been  done  on  pesticide  toxicity  in  tissue  culture  (Oab- 
liks,  1965).  This  technique  has  been  little  used  to  date  but  may  have 
|>otentiaHty  as  an  easily  standardized  and  controlled  indicator  of 
toxicity  to  animals  and  man. 

Acute  and  chronic  toxicity. — The  most  basic  information  on  pesti- 
cide chemicals  is  the  acute  toxicity  (usually  in  the  form  of  the  ht)*> 
value)  to  an  experimental  s|>ecics  (usually  the  rat).  These  s!udies  are 
very  widely  done  by  manufacturers,  consulting  laboratories,,  univer- 
sities, and  (government  agencies.  An  up-to-date  publication  on  the 
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subject  which  lists  LD50  values  for  many  of  the  currently  important 
pesticide  chemicals  lias  recently  appeared  (Gaines,  I960).  The  LD50 
values  given  in  this  paper  should  be  useful  in  providing  estimates  of 
relative  toxicity  of  these  compounds  since  all  the  tests  were  carried 
out  under  standardized  conditions  using  the  same  rat  stains. 

Also  obtained  from  these  studies  of  acute  toxicity  is  information  o:> 
the  symptomatology  produced.  In  general,  experience  has  shown  that 
symptomatology  for  poisoning  by  a given  compound  tends  to  be  simi- 
lar in  different  species.  Tims,  this  information  is  useful  for  man. 

Tiie  principal,  if  not  the  exclusive,  acute  action  of  DDT  and  the 
other  chlorinated  hydrocarbon  pesticides  is  on  the  nervous  system. 
The  exact  nature  of  the  action  is  unknown. 

In  animals,  the  earliest  apparent  effect  of  I)DT  poisoning  is  abnor- 
mal susceptibility  to  fear,  with  violent  reaction  to  stimuli  that  nor- 
mally would  be  unnoticed  (Hayes,  1965).  There  is  definite  motor 
unrest  and  an  increased  frequency  of  spontaneous  movements.  A fine 
tremor  appears  and  becomes  constant,  interfering  with  normal  activ- 
ity.  As  the  nervous  system  involvement  progresses,  there  are  attacks 
of  epileptiform  tonoclonic  convulsions.  Death  may  result  from 
ventricular  fibrillation. 

In  addition  to  their  major  effect  on  the  neuromuscular  system,  DDT 
and  the  other  chlorinated  hydrocarbon  pesticides  produce  minor 
changes  in  the  liver,  especially  in  rodents  (see  later  discussion)  and, 
to  a still  lesser  degree,  in  other  organs. 

These  compounds  are  cumulative,  being  stored  in  body  fat.  Illness 
in  experimental  animals  caused  by  repeated  exposure  to  DDT  is  essen- 
tially identical  with  illness  caused  by  a single  dose  of  sufficient  size. 

Effective  therapy  is  forthwith  apparently  restricted  to  efforts  to 
remove  the  poison  and  to  control  tremor,  convulsions,  and  other  central 
nervous  system  effects.  Short-acting  barbiturates  are  used  to  control 
central  nervous  system  hyperactivity.  A very  high  dosage — en- 
ough to  produce  anesthesia  under  normal  conditions — may  be  re- 
quired and  is  tolerated  without  undue  depression  in  the  presence  of 
poisoning.  Although  these  various  aspects  of  treatment  were  worked 
out  in  studies  with  experimental  animals,  they  appear  to  be  applicable 
in  man. 

The  organic  phosphorus  pesticides  appear  to  act  primarily,  if  not 
entirely,  through  inhibition  of  the  enzyme,  cholinesterase.  Symptoma- 
tology is  associated  with  over  stimulation  of  the  parasympathetic 
nervous  system.  Differences  in  activity  le\rels  of  cholinesterase  in  vari- 
ous species  presents  somewhat  of  a complication  in  making  compara- 
tive studies. 
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However,  suitable  modifications  can  be  made  in  the  cholinesterase 
methodology  (for  example,  Frawley  et  al.,  1955)  to  compensate  for 
these  differences. 

Atropine  and  the  oximes  are  antidotal  in  botli  experimental  animals 
and  man. 

In  pesticide  toxicity  studies  with  experimental  animals,  a number 
of  factors  have  been  found  to  be  important  in  determining  the  response 
of  the  animal  to  the  toxicant.  These  factors  include  differences  in  the 
physiological  state  of  the  animal  (species,  age,  sex,  disease,  and  nutri- 
tion) and  differences  in  the  environment  (temperature  and  light). 
Some  of  these  factors  have  also  been  noted  to  have  similar  effects  on 
pesticide  toxicity  in  man.  In  other  instances,  data  on  the  importance  of 
these  influences  for  human  toxicity  is  not  available. 

/.  Specks . — The  toxicity  of  pesticides,  in  common  with  that  of 
many  other  poisons,  varies  considerably  between  phyla,  classes,  and 
species  of  animals.  The  high  toxicity  of  the  organochlorine  insecti- 
cides generally  to  fish  (Doudoroff  et  ah,  1953)  and  the  refractoriness 
of  goats  to  DDT  (Hayes,  1959)  are  examples.  Rotenone  is  highly  toxic 
to  fi?h  (Gersdorff,  1930),  moderately  toxic  to  certain  mammals,  such 
as  the  guinea  pig  (Shimkin  and  Anderson,  1936),  but  only  slightly 
toxic  to  birds,  especially  the  chicken  (Cutkomp,  1913).  Recently,  it 
has  been  shown  that  nnrbormide  is  a rather  specific  toxicant  for  the 
Norway  rat  (Roszkowski,  1965)  and  it  is  used  as  a rat  poison.  From 
a practical  standpoint,  insects  and  mammals  show  a tremendous  dif- 
ference in  their  susceptibility  to  various  pesticidal  compounds.  At 
least  for  DDT,  this  is  due  primarily  to  the  great  difference  in  the 
ability  of  the  two  groups  to  absorb  the  compound  (Hayes,  1959). 

Murphy  and  DuBois  (1957)  noted  differences  between  the  guinea 
pig,  cat,  and  mouse  in  the  metabolism  of  the  active  anticholinesterase 
agent  formed  from  azinphosmethyl  (Guthion).  They  suspected  that 
the  rapid  destruction  of  this  metabolite  by  guinea  pig  liver  might  be 
partly  responsible  for  the  relative  resistance  of  this  species  to  poison- 
ing by  azinphosmethyl. 

Brodie  and  Maickel  (1962)  have  studied  the  mechanisms  by  which 
different  varieties  of  animals  dispose  of  lipid-soluble  foreign  com- 
pounds. They  were  able  generally  to  account  for  the  relative  effect  of 
the  drugs  tested  on  various  species  of  animals  on  the  basis  of  differ- 
ences in  liver  microsomal  enzyme  activity.  They  also  made  some  fas- 
cinating reconstructions  of  the  evolution  of  biochemical  processes  in 
the  metabolism  of  foreign  compounds.  They  noted  that,  as  in  many 
other  biological  processes,  the  development  of  the  drug-metabolizing 
enzyme  system  in  a maturing  animal  goes  through  successive  stages 
similar  to  those  in  the  phylogenetic  succession. 
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There  arc  both  qualitative  and  quantitative  differences  between 
species  with  regard  to  pesticide  metabolism.  Thus,  although  monkeys 
(Durham  et  ah,  1063)  and  rats  (Hayes  et  ah,  manuscript  in  prepara- 
tion) fed  DDE  store  the  compound  in  adipose  tissue,  and  although 
DDE  is  found  in  the  fat  of  rats  fed  DDT,  monkeys  on  DDT  diets 
store  little  *or  no  DDE.  It  appears  that  the  failure  of  monkeys  fed 
DDT  to  store  DDE  is  not  due  to  an  inability  to  absorb  and  to  store 
DDE  but  rather  to  an  inability  to  convert  DDT  to  DDE.  The  monkey 
does  excrete  DDA  in  the  urine,  as  do  men  and  rats.  The  sex  differences 
for  DDT  and  DDE  storage  (Durham  et  ah,  1956)  and  for  suscepti- 
bility to  parathion  v DuBois  et  ah,  1949)  and  to  some  other  organic 
phosphorus  pesticides  (Gaines,  1960)  that  occur  in  rats  have  not  been 
noted  in  other  species  studied.  However,  not  enough  is  known  at  the 
present  time  about  the  response  in  man  to  either  DDT  or  parathion  to 
know  whether  or  not  a sex  difference  exists. 

0.  Age. — Newborn  animals  of  several  spines  have  an  almost  com- 
plete lack  of  ability  to  metabolize  certain  drugs  (Fonts  and  Adamson, 
1959).  However,  this  capacity  increases-quite  rapidly  daring  the  first 
b few  weeks  of  life. 

t The  lack  of  microsomal  activity  in  the  neonatal  liver  correlates  well 

with  the  observed  sensitivity  of  the  newborn  of  several  species  to  some 
pesticides.  Thus,  the  toxicity  of  EPN  (Murphy  and  DuBois,  1958), 
and  of  ethyl  fcnthion  (DuBois  and  Puchala,  1961),  was  found  to  be 
much  higher  in  23-day-old  male  rats  than  in  adult  rats  of  the  same  sex. 

In  a very  complete  study,  Brodeur  and  DuBois  (1963)  compared 
the  acute  oral  toxicity  of  16  anticholinesterase  insecticides  to  weanling 
and  to  adult  male  rats.  All  of  the  phosphorothioates  and  phosphorodi- 
thioatcs  tested  were  more  toxic  to  weanlings  than  to  adults.  The  great- 
est age  differences  were  seen  with  EPN  and  enrbophenothion  (Tri- 
thion)  to  which  weanlings  were  about  five  and  four  times,  respectively, 
more  susceptible  than  adult  males.  Weanling  rats  were  only  slightly 
more  susceptible  than  adults  to  inevinphos,  trichlorofon,  and  carbaryl. 
DEF  (Folex)  was  about  twice  as  toxic  to  weanlings  as  it  was  to  adults. 
On  the  contrary,  a phosphoroamide,  sehradan  (OMPA),  differed  from 
all  of  the  other  compounds  tested  in  that  adult  males  were  more  sus- 
ceptible than  weanlings.  The  factor  of  difference  was  about  five. 

Lu  et  al.  (1965)  have  studied  the  comparative  oral  toxicity  of  mala- 


thion,  DDT,  and  dieldrin  to  rats  of  different  ages.  They  found  the  j 

toxicity  of  malathion  increased  in  the  following  order:  adult,  pre-  \ 

weaning,  newborn.  However,  for  both  DDT  and  dieldrin,  adult  rats 
were  more  susceptible  than  newborn  rats.  With  the  exception  of  the  j 

newborn  rats,  only  small  differences  were  noted  between  the  other  age  j 

groups  tested.  The  toxicity  of  DDT  increased  in  the  following  order: 


newborn,  preweaning,  weanling,  middle-aged,  young  adult.  For  diel- 
drin  the  order  was  newborn,  adult,  preweaning. 

The  greater  susceptibility  of  the  young  observed  in  experimental 
animal  studies  with  pesticides  seems  also  to  be  applicable  in  man.  In 
instances  in  which  parathion-eontnminated  food  has  been  eaten  by 
people  of  different  ages,  death  has  occurred  mainly  or  exclusively 
among  children  (Kanagaratnam  et  a].,  1960).  Children  5 to  6 years  old 
were  killed  by  eating  an  estimated  2 ang.  of  parathion,  a dosage  of  about 
0.1  mg./kg.  In  contrast,  daily  doses  of  7.2  mg.  (about  0.1  mg./kg.) 
given  to  adult  volunteers  for  a period  of  42  days  produced  no  signs  of 
poisoning  and  no  symptoms  other  than  a moderate  decrease  in  blood 
cholinesterase  level  (Edson,  1957). 

3.  Rex. — The  acute  oral  toxicity  to  white  rats  of  DDT  does  not  ap- 
pear to  be  significantly  influenced  by  the  sex  of  the  animals  teste/1.  The 
IiDM  values  are  113  mg./kg.  for  males  and  118  mg./kg.  for  females 
(Gaines,  1960).  However,  female  rats  are  somewhat  more  susceptible 
to  repeated  doses  of  the  insecticide  than  are  male  rats  (Fitzhugh  and 
Nelson,  1947;  Haag  et  al.,  1948).  Female  rats  also  store  more  DDT  in 
their  fat  than  male  rats  fed  at  the  same  dosage  level  (Hayes,  1959). 
Sex  differences  are  apparent  in  the  effect  of  DDT  on  liver  cell  morphol- 
ogy and  in  fat  storage  of  the  compound  and  its  metabolite  DDE.  Male 
rats  show  much  more  frequent  and  extensive  histological  changes  in  the 
liver  than  female  rats  when  both  sexes  are  exposed  repeatedly  at  mod- 
erate dosage  levels  (Ortega  et  ah,  1956). 

The  evidence  for  or  against  a sex  difference  in  DDT  storage  for  other 
species  is  not  so  clear.  However,  in  studies  on  pigs  (Harris  et  ah,  1953) 
and  monkeys  (Durham  et  ah,  1963) , no  sex  differences  with  respect  to 
DDT  storage  were  noted. 

In  the  rat,  a species  in  which  both  storage  and  toxicity  frequently 
show  sex  differences,  these  differences  may  be  modified  by  sex  hormones. 
Durham  et  al.  (1956)  studied  the  influence  of  hormones  and  of  gonad- 
ectomy  on  the  storage  of  DDT  and  DDE  in  the  rat.  Testosterone  pro- 
pionate or  oophorectomy  decreased  DDT  storage  in  female  rats  while 
diethylstilbestrol  or  testectomy  increased  DDT  storage  in  male  rats. 
The  effects  on  DDE  storage  were  similar  but  of  lesser  magnitude. 

In  in  vitro  studies,  Murphy  and  Dubois  (1958)  showed  that  the  con- 
version of  azinphosmethyl  and  of  EPN  to  active  anticholinesterase 
agents  was  two  to  three  times  greater  in  the  livers  of  adult  males  than 
of  adult  female  rats.  No  sex  difference  in  enzyme  activity  was  noted  for 
animals  less  than  30  days  of  age.  The  low  enzyme  activity  in  the  livers 
of  adult  female  and  of  young  male  rats  was  increased  by  testosterone. 
The  high  enzyme  activity  in  the  livers  of  adult  males  was  decreased  by 
castration  and  by  progesterone  of  diethylstilbestrol. 
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Administration  of  a male  sex  hormone  to  female  rats  and  of  a fe- 
male sex  hormone  to  male  rats  tended  to  equalize  their  susceptibility  to 
a single  dose  of  parathion  (DuBoiset  al.,  1949). 

DuBois  and  Puchala  (1961)  demonstrated  that  ethyl  fenthion  had 
a high  toxicity  to  female  rats,  male  and  female  mice,  and  male  guinea 
pigs,  while  male  rats  were  much  more  resistant.  There  was  no  sex 
difference  in  the  toxicity  of  the  oxygen  analogue  to  rats. 

In  comparison  of  LI)50  values  for  male  and  female  rats  of  44  pesti- 
cides, the  male  rat  was  more  resistant  in  22  cases  (50  percent),  the 
female  rat  was  more  resistant  to  five  compounds  (11  percent),  and 
the  sexes  were  about  equally  susceptible  to  17  compounds  (39  percent) 
(Durham,  1967).  There  were  greater  differences  between  the  sexes 
in  susceptibility  to  poisoning  for  the  organophospliorus  than  for  the 
organochlorine  compounds. 

There  appears  to  be  little  or  no  data  on  relative  susceptibility  to 
poisoning  by  pesticides  for  men  and  women.  However,  some  data  is 
available  on  sex  differences  in  DDT  storage  levels  for  man. 

Conclusions  regarding  the  effect  of  sex  on  the  tissue  storage  level 
in  man  of  DDT  and  other  organochlorine  pesticides  have  been  differ- 
ent in  various  studies  of  the  matter.  In  study  of  254  human  subjects  in 
Israel,  Wassermann  et  al.  (1965)  did  not  find  significant  differences 
in  storage  of  DDT  or  DDE  in  relation  to  sex.  Lauget  al.  (1951),  and 
Read  and  McKinley  (1961),  found  that  sex  had  no  significant  effect 
on  storage  level  of  DDT  or  its  metabolites  which  were  studied.  How- 
ever, Zavon  et  al.  (1965)  noted  a tendency  toward  a somewhat  higher 
concentration  of  dieldrin,  o,p'-DDT,  p,p'-DDT,  DDE,  and  heptachlor 
epoxide  in  men  than  in  women,  although  the  differences  were  not  con- 
clusive. Robinson  et  al.  (1965)  reported  higher  concentration-  of 
DDT,  DDE,  and  dieldrin  in  adipose  tissues  from  males  as  compared 
to  females.  On  the  other  hand,  Hayes  et  al.  (1965)  found  that  females 
stored  significantly  higher  levels  of  p,p'-DDT  and  of  beta-BHC 
than  did  males.  Application  of  a recently  developed  procedure  has 
indicated  that  concentrations  of  several  organochlorine  pesticides 
occur  at  higher  levels  in  blood  from  males  than  from  females  in  the 
general  population  (Daleetal.  1966). 

4-  Disease. — Diseased  animals  have  been  shown,  under  certain  con- 
ditions, to  have  different  responses  to  the  added  stress  of  exposure  to 
a pesticide  than  do  healthy  animals. 

The  interaction  of  DDT  and  trichinosis  has  been  studied  in  rats 
(Hayes  and  White,  manuscript  in  preparation).  Trichinosis  was 
chosen  for  investigation  because  it  was  easily  transmitted  but  pre- 
sented minimal  danger  of  unintentional  spread  and  because,  with 
selected  dosages,  it  produced  a disease  which,  although  severe,  was 
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generally  nonfatal  in  the  absence  of  other  stress.  The  administration 
of  repeated  doses  of  DDT,  known  to  produce  extensive  storage  of  the 
compound  in  fat,  increased  mortality  in  rats  infested  with  Trichina 
only  slightly.  Infestation  with  Trichina  larvae  caused  a dramatic  loss 
of  weight  which  was  similar  in  rats  which  received  DDT  and  in  those 
which  did  not.  The  changes  in  storage  of  DDT  and  DDE  which  were 
seen  in  rats  infested  with  Trichina  could  apparently  be  accounted  for 
by  the  weight  loss  which  occurred. 

Under  ordinary  conditions,  methoxychlor  has  a low  order  of  toxicity 
for  rats  and  shows  little  tendency  for  accumulation  in  the  fat  and 
other  tissues.  However,  in  rats  whose  livers  had  been  severely  damaged 
by  cur  bon  tetrachloride,  the  toxicity  of  methoxychlor  was  increased 
markedly  as  was  its  propensity  for  storage  in  body  fat  (Laug  and 
Kunze,  1051).  However,  in  an  acute  study  there  was  little  difference 
in  DDT  toxicity  noted  between  normal  rats  and  rats  with  carbon 
tetrochloride-induced  liver  damage  (Judah,  1940).  One  might  inter- 
pret these  data  as  indicating  that,  under  these  circumstances,  the 
liver — and  perhaps  the  liver  microsomal  enzymes — were  of  consider- 
able importance  in  the  metabolism  of  methoxychlor  but  of  less  conse- 
quence for  the  handling  of  DDT.  However,  Judah  (1049)  did  note 
that  rats  and  rabbits  with  extensive,  long-standing  liver  damage  were 
more  susceptible  to  DDT  poisoning  than  were  control  animals.  Par- 
tially hepatectomized  rats  showed  a somewhat  greater  susceptibility  to 
dermally  applied  dieldrin  (LD50, 50  mg./kg.)  than  did  control  animals 
(LD60,  90  mg./kg.)  (Durham  and  Hayes  manuscript  in  preparation). 

There  is  also  some  information  available  on  the  effect  of  disease  on 
susceptibility  to  pesticide  poisoning  in  man. 

An  individual  who  was  said  to  be  “sickly”  and  hungry  at  the  time 
of  eating  the  compound,  became  ill  following  the  ingestion  of  6 mg./ 
kg.  of  DDT  (Hsieh,  1954).  In  other  persons  in  this  same  incident  and 
in  other  reports  from  different  situations,  illness  followed  ingestion  of 
doses  of  10  mg./kg.  or  greater,  but  smaller  doses  generally  have  not 
produced  poisoning  (Hayes,  1955). 

Maier-Dode  (1960  found  no  essential  difference  in  storage  of  DDT 
or  DDE  between  21  persons  who  died  of  cancer,  and  39  persons  who 
died  of  other  diseases.  Robinson  et  al.  (1965)  detected  no  differences 
in  total  DDT-derived  material  or  dieldrin  between  50  uiopsy  and  50 
necropsy  samples.  Nor  was  there  any  correlation  for  the  necropsy 
samples  between  storage  levels  and  cause  of  death,  classified  as  neo- 
plasm, cardiovascular  disease,  infection,  or  accident. 

The  metabolism  of  pa rathion  in  man,  as  measured  by  excretion 
levels  of  p-nitrophenol,  was  influenced  by  intercurrent  disease,  and 
skin  and  kidney  pathology  (Davies  et  al.,  1985). 
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5.  Nutrition. — In  the  case  of  the  organochlorinc  irmte rials,  winch 
have  been  of  most  interest  in  this  regard,  the  mass  of  body  fat  present 
in  the  ludl-frcl  animal  serves  as  a protective  mechanism  by  storing  the 
insecticide  and,  thus,  shielding:  the  sensitive  nervous  tissue  from  the 
poison.  In  the  starved  animal  this  protective  mechanism  is  either  ab- 
sent or  is  present  in  reduced  amount.  The  lowered  liver  microsomal 
enzyme  activity  of  starved  animals  may  influence  their  susceptibility 
to  poisoning.  Furthermore,  if  the  starved  animal  had  already  stored 
a significant  amount  of  one  of  the  orga nochlorine  pesticides  prior  to 
starvation,  then  the  amount  of  insecticide  mobilized  along  with  the  fat 
during  starvation  might  be  decisive  in  determining  the  outcome  of  a 
new  exposure  to  the  same  or  a related  poison  (Dale  et  al.,  1062). 

It  has  been  shown  that  both  mammals  (Spicer  et  ah,  1017)  and  fish 
(Hoffmann  and  Surber,  1949)  which  are  in  good  condition,  especially 
those  which  are  fat,  are  more  resistant  to  DDT  poisoning.  DDT  poi- 
soning in  birds  is  accentuated  by  starvation.  Rats  which  had  been 
given  relatively  large  dosages  of  DDT  to  produce  significant  fat  stor- 
age levels  of  the  compound  developed  characteristic  DDT  tremors 
during  starvation  (Fitzhugh  and  Nelson,  1947).  However,  attempts 
to  produce  symptoms  of  poisoning  in  animals  previously  dosed  with 
dicldrin  by  starvation  have  not  been  successful  (Hayes,  unpublished 
data). 

Both  the  mouse  and  the  rat  showed  increased  toxic  effects  from  DDT 
when  the  percentage  of  fat  in  the  basal  diet  was  increased  from  5 to  15 
percent  (Sauberlich  and  Baumann,  1947).  A reduction  in  the  level  of 
dietary  fat  to  0.5  percent  decreased  the  toxicity  of  DDT  to  both  spe- 
cies. All  lipids  tested,  including  a highly  saturated  fat  (hydrogenated 
coconut  oil),  moderately  saturated  fats  (butter  aud  lard),  and  highly 
unsaturated  fats  (peanut  oil  or  corn  oil),  produced  essentially  equal 
effects.  The  effect  of  the  fat  was  not  modified  by  the  addition  of  chol- 
esterol at  a dietary  level  of  0.5  percent.  The  authors  reasoned  that  the 
increased  toxic  effect  of  DDT  when  the  compound  was  given  in  a high 
fat  diet  was  due  primarily  to  promotion  of  absorption  of  the  toxicant 
by  the  fat.  Varying  the  protein  content  of  the  diet  produced  opposite 
effects  from  changes  in  the  fat  moiety.  Thus,  an  increased  protein  con- 
tent (above  20  percent)  tended  to  be  associated  with  a smaller  DDT 
effect,  while  a decreased  protein  content  (10  percent)  apparently  re- 
duced resistance  to  DDT. 

The  changes  in  storage  and  excretion  of  DDT  in  rats  as  a result 
of  starvation  have  been  studied  by  Dale  et  al.  (1962).  In  these  starva- 
tion tests,  mobilization  of  body  fat  resulted  in  an  increased  concen- 
tration of  DDT-derived  material  in  that  tissue,  and  a corresponding 
increase  in  other  tissues  studied  (plasma,  brain,  liver,  and  kidney). 
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An  augmented  excretion  of  metabolites  ocurred  during  starvation  in 
spite  of  decreased  intake  of  DDT.  The  increased  excretion  was  inade- 
quate to  prevent  the  increase  in  concentration  of  I)I)T-derived  mate- 
rial in  the  body  tissues  studied,  although  it  tended  to  do  so.  In  this  work 
no  effort-  was  made  to  assess  the  role  of  the  liver  microsomal  enzymes, 
or  the  effect  of  starvation  on  their  function.  However,  such  a study 
would  l>e  complicated  by  the  apparent  large  increase  in  DDT  dosage 
produced  by  release  of  the  compound  from  mobilized  fat. 

The  etfect  of  the  level  of  dietary  protein  on  the  sub-acute  toxicity  of 
dieldrin  added  to  the  diet  has  been  studied  in  rats  (Lee  et  al.,  1064) . A 
low  (10  percent)  protein  diet  accentuated  the  toxic  effect  of  dieldrin 
as  measured  by  increased  mortality,  increase  in  liver  lipids,  decrease  in 
total  liver  content  of  vitamin  A,  and  more  marked  histopathology  in- 
volving cellular  edema  and  fatty  infiltration.  However,  total  liver 
weight  in  dieldrin-fed  rats  was  unaffected  by  a low  protein  diet  but 
was  increased  by  a high  protein  (25  percent  ) diet. 

A dietary  deficiency  of  riboflavin  or  nicotinic  acid  can  accentuate 
dieldrin  toxicity  in  rats  (Tinsley,  1966).  Also,  dieldrin  appears  to 
interact  in  the  metabolism  of  unsaturated  fatty  acids  and  accentuates 
an  essential  fatty  acid  stress. 

Dietary  DDT  at  levels  of  10  to  100  p.p.m.  decreased  the  utilization 
of  vitamin  A and  carotene  in  the  rat  as  measured  by  liver  storage 
of  vitamin  A (Phillips,  1963). 

tf.  Temperature. — Baetjer  and  Smith  (1956)  have  reported  that 
parathion  is  more  toxic  to  mice  at  higher  environmental  temperatures. 
Tlio  temperature  effect  was  less  marked  when  the  parathion  was  in- 
jected intravenously  than  when  it  was  given  intraperitioneally.  The 
authors  interpreted  this  difference  as  an  indication  that  variation  in 
the  rate  of  absorption  was  probably  the  most  important  factor  causing 
the  increased  toxicity  at  higher  temperature.  Sarip  was  more  toxic  to 
monkeys  at  an  environmental  temperature  of  38°  C.  than  at  25°  C.  fol- 
lowing either  percutaneous  or  respiratory  exposure  (Craig  et  ah,  1959) . 
However,  sarin  was  more  toxic  to  hibernating  than  to  warm,  nonhiber- 
nnting  hamsters  (Scaife  and  Campbell,  1958).  Bats  held  at  ordinary 
room  temperature  withstood  4,000  p.p.m.  malathion  without  showing 
signs  of  intoxication  (Marton  et  ah,  1962).  However,  when  these  rats 
were  clipped  and  exposed  to  an  ambient  temperature  of  1.5°  C.  they 
survived  for  a much  shorter  period  in  the  cold  environment  than  did 
control  animals  not  receiving  malathion. 

DDT,  warfarin  (Keplinger  et  al:,  1959),  and  azinphosinethyl  (Was- 
serniann  et  ah,  1963)  are  more  toxic  to  rats  at  36°  C.  than  at  lower 
temperatures  (4°  to  8°  C.).  Warfarin  differs  from  the  other  compounds 
tested  in  that  it  is  least  toxic  at  an  intermediate  temperature  (26°  C.) 
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and  then  becomes  more  lethil  as  the  animals  are  cooled  or  warmed 
(Keplinger  et  al.,  1950) . 

Temperature  has  also  been  shown  to  interact  with  pesticide  exposure 
in  affecting  the  physical  performance  of  rats.  Tims,  rats  repeatedly 
fed  amounts  of  DDT  in  their  diet  which  did  not  otherwise  produce 
symptoms  showed  a decreased  ability  to  swim  in  cold  (20°  C.)  water 
(Toxicology  Section,  unpublished  data). 

It  is  well  known  that  the  nitrophenols,  including  those  used  as  pesti- 
cides, are  more  toxic  at  higher  environmental  temperatures  (Sollmann, 
1048).  The  toxicities  of  I)NOC  and  dinitro -0-phenol  to  rats  are  sig- 
nificantly greater  at  36°  C.  than  at  10°  C.  (Keplinger  et  al.,  1959). 
The  same  is  true  of  pentachlorophenol.  These  compounds  act  by 
increasing  the  oxidative  metabolism  and,  therefore,  the  heat  produc- 
tion of  the  body,  chiefly  by  direct  peripheral  action  (Hayes,  1963). 

Some  observations  in  man  also  indicate  an  effect  of  temperature  on 
the  toxic  effect  of  pesticides.  Volunteers  given  dermal  doses  of  para- 
thion  showed  an  increase  in  their  excretion  of  p-nitrophenol  associated 
with  an  increase  in  ambient  temperature  (Funekeset  al.,  1963;  Dur- 
ham et  al.,  manuscript  in  preparation) , 

In  studies  of  workmen  exposed  to  parathion  while  spraying  under 
field  conditions,  excretion  rates  of  p-nitrophenol  for  men  with  appar- 
ently similar  contact  with  the  poison  were  generally  higher  during  the 
hot  days  of  July  than  during  the  cool  days  of  May  (Durham  et  al, 
manuscript  in  preparation). 

It  has  long  been  the  observation  of  physicians  and  others  in  certain 
agricultural  areas  that  poisoning  from  the  organophosphorus  insecti- 
cides occurs  more  often  in  unusually  hot  weather  than  under  cooler 
conditions.  However,  more  spraying  is  done  in  the  warmer  weather; 
therefore,  any  valid  conclusion  based  on  epidemiological  data  relating 
to  the  effect  of  temperature  on  poisoning  would  have  to  take  into 
account  the  intensity  of  exposure  and  the  size  of  the  population  at 
risk. 

7.  Light. — Insofar  as  pesticides  are  concerned,  light  seems  to  be  a 
much  less  important  environmental  factor  than  is  temperature  in 
effect  on  toxicity. 

However,  ultraviolet  light  can  catalyze  the  oxidation  of  a number 
of  organophosphorus  pesticides,  including  parathion  which  was  con- 
verted to  the  more  toxic  oxygen  analogue,  paraoxon  (Cook,  1955; 
Frawley  et  al.,  1958). 

Photosensitivity  has  been  demonstrated  in  rats  with  hexachloro- 
benzene- induced  porphyria  (Pearson  and  Malkinson,  1965). 

Pathology. — With  the  exception  of  the  neurotoxic  effect  which 
occurs  with  certain  compounds,  the  pathology  associated  with  exposure 
to  the  organic  phosphorus  pesticides  is  not  noteworthy.  However,  the 
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chlorinated  hydrocarbon  compounds  do  produce  significant  histopath- 
ology,  paificularly  of  the  liver,  in  animals  which  are  subjected  to  high 
levels  over  long  periods  of  time. 

The,  histoputhology  associated  with  pesticides  which  has  caused 
the  most  discussion  occurs  in  animals  given  repeated  doses  of  DDT 
or  of  certain  other  of  the  chlorinated  hydrocarbon  compounds.  His- 
tological changes  occur  in  the  livers  of  rats  even  at  very  low  levels  of 
DDT  in  their  diet.  These  changes  were  first  reported  by  Kmize  et  ah 
i 1949).  These  workers  reported  that  histopathology  could  be  detected 
in  the  livers  of  rats  maintained  for  six  months  on  a diet  containing  5 
p.p.ni.  of  DDT.  However,  Cameron  and  Cheng  (1951)  were  unable 
to  demonstrate  any  pathology  in  rats  sacrificed  after  being  dosed 
for  more  than  a year  at  levels  corresponding  to  food  concentrations 
up  to  approximately  350  p.p.m.  Some  other  workers,  including  Deich- 
mann and  colleagues  (1950)  and  Treon  and  Cleveland  (1955),  re- 
ported liver  changes  induced  by  relatively  low  dosages  of  DDT,  while 
Haag  and  associates  (1948)  and  Greenwood  and  coworkei's  (1953) 
failed  to  find  such  changes.  Ortega  et  ah  (1956)  reported  that  liver 
cell  necrosis  occurred  with  dosages  in  excess  of  1,000  p.p.m.  but  not 
ut  lower  levels.  Histological  changes  restricted  to  the  liver  occurred 
at  levels  as  low  as  5 p.p.m.,  but  liver  function,  as  measured  by  brom- 
sulphthalein  excretion,  was  not  affected  in  rats  fed  400  p.p.m.  or  less. 
The  histological  changes  in  the  parenchymal  cells  of  the  liver  con- 
sisted of  an  increased  deposition  of  fat,  margination  of  cytoplasmic 
granules,  hypertrophy  of  the  cells,  and  most  characteristic — the  for- 
mation of  complex,  lipoid  cytoplasmic  inclusion  bodies  termed  “lipo- 
splieres”.  Ortega  (1962)  has  more  recently  reported  additional  details 
of  these  cytoplasmic  alterations  as  noted  in  studies  using  both  light 
and  electron  microscopy. 

The  similarity  in  both  etiology  and  appearance  of  these  histologic 
changes  with  those  characteristic  of  microsomal  enzyme  induction 
have  led  some  observers  (Ortega,  1962;  Ferrigan  et  al.  1965)  to  label 
them  as  adaptive  rather  than  as  a pathologic  process.  The  DDT- 
induced  histologic  changes  have  never  been  correlated  with  hepatic 
dysfunction.  The  changes  in  liver  cell  morphology  occur  in  the  rat 
at  a much  lower  dietary  level  of  DDT  than  do  other  “toxic”  effects. 
The  fact  that  histological  changes  similar  to  those  noted  with  DDT 
occur  with  phenobarbetal  and  are  correlated  with  enzyme  induction 
suggests  a similar  view  for  the  DDT-produced  changes.  There  are 
several  bits  of  experimental  evidence  to  support  such  a view.  Ortega 
(1902)  has  noted  that  chronic  feeding  of  DDT  produced  a consider- 
able increase  in  the  amount  of  SER  in  the  liver  cells  with  a partial 
displacement  of  rough-surfaced  reticulum.  Most  significantly,  Ferri- 
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gan  et  al.  (1965)  have  pointed  out  that,  for  rats  fed  dieldrin  hi  their 
diet,  these  specific  structural  changes  in  the  liver  were  related  more 
to  intensity  and  duration  of  exposure  than  to  intoxication.  In  fact, 
the  liver  changes  were  not  found  in  intoxicated  rats,  only  in  unin- 
toxicated ones. 

Monkeys  develop  liver  histoputhology  only  with  relatively  high 
dosage  levels  of  DDT  (Durham  et  a).  1063).  No  liver  liistopathology 
occurred  in  monkeys  fed  DDT  at  dietary  levels  of  200  p.p.in.  or  less 
for  periods  of  up  to  7.5  years.  One  of  six  monkeys  fed  5,000  p.p.ni.  of 
DDT  did  develop  the  cytoplasmic  inclusions  which  have  been  cluirac* 
teristieally  associated  with  chlorinated  hydrocarbon  poisoning  in 
the  rat. 

Chlorinated  hydrocarbons  other  than  DDT  also  produce  these  liver 
changes  in  rats  (Ortega  et  al.  1957).  The  lesions  wre  produced  at 
minimum  dietary  levels  of  2.5  p.p.ni.  for  dieldrin  and  chlordane  and 
50  p.p.m.  for  lindane  and  toxaphene. 

It  is  generally  agreed  from  studies  in  a wide  variety  of  species  of 
animals  that  large  doses  of  DDT  can  cause  liver  cell  necrosis  (Hayes 
1959b),  but  this  effect  must  not  be  confused  with  the  reversible  effects 
of  small  doses  discussed  above. 

It  is  interesting  to  note  that,  in  rats  poisoned  with  large  doses  of 
chlorinated  hydrocarbon  pesticides,  increases  in  liver  weight  and  in 
liver  fat  content  have  been  noted  for  DDT  (Sarett  and  Jandorff  1947) 
and  for  dieldrin  (Durham  et  al.,  manuscript  in  preparation). 

DDT  1ms  been  shown  to  cause  atrophy  of  the  adrenal  cortex  (Nel- 
son and  Woodard  1949).  This  finding  is  of  particular  interest  in  view 
of  the  fact  that,  in  animals  exposed  to  DDT,  high  levels  of  DDT  are 
stored  in  the  adrenal  gland  in  comparison  with  other  tissues.  This 
effect  has  been  shown  to  be  due  to  the  o,p'-DDT  isomer  present  in 
the  technical  product  (Cueto,  Brown,  1958). 

Storage. — Pharmacodynamics  is  being  considered  in  a separate 
section  of  this  report.  However,  the  good  correlation  between  tissue 
storage  for  the  chlorinated  hydrocarbon  pesticides  between  experi- 
mental animals  and  man  is  worthy  of  brief  comment  here. 

On  a constant  dosage  of  DDT  both  experimental  animals  (Hayes 
1959)  and  man  (Hayes  et  al.  1956)  show  increased  fat  storage  of  the 
compound  for  a time  but  eventually  reach  a plateau  level  beyond  which 
further  accumulation  does  not  take  place  even  though  dosage  is  con- 
tinued. Loss  of  the  compound  from  storage  is  slow  in  both  experimental 
animals  and  man.  The  rate  of  loss  is  proportional  to  the  storage. 

Induction  of  liver  microsomal  enzymes. — One  of  the  important 
pharmacologic  properties  of  the  chlorinated  hydrocarbon  pesticides 
is  their  capacity  to  stimulate  activity  of  the  drug-metabolizing 
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enzymes  in  the  liver  microsoines.  This  effect  was  iirst  noted  for 
clilmdane  among  the  chlorinated  pesticides  (Hart  et  nl.,  1963)  but 
since  lias  i>cen  spoiled  for  an  additional  number  of  these  compounds. 

There  also  seems  to  be  considerable  variation  between  different 
phyla,  classes,  groups,  and  species  of  animals  with  regard  to  micro- 
somal enzyme  activity.  In  some  species,  such  as  the  rat,  there  are 
sex-related  differenccss  in  enzyme  level.  There  are  also  differences 
between  aquatic  and  terrestrial  animals.  For  example,  these  enzymes 
seem  to  be  almost  completely  lacking  in  fish  (Erodie  and  Maickel 
1962).  Many  of  the  differences  between  various  species  with  regard 
to  susceptibility  to  ceil  a in  chemicals  including  pesticides,  can  be  ex- 
plained on  the  basis  of  these  differences  in  microsomal  enzyme 
activity. 

The  microsomal  enzymes  are  essentially  absent  in  the  newborn,  but 
build  np  rapidly  in  the  early  days  or  weeks  of  life  (Fonts  and  Adamson 
1 959) . 

The  changes  in  activity  of  the  liver  microsomal  enzymes  have  been 
shown  to  be  accompanied  by  characteristic  changes  in  the  ultrastruc- 
tmv  of  (he  liver  cell.  Thus,  Fouts  (1962)  and  Remmer  and  Merker 
(1963)  have  shown  that  increases  or  decreases  in  liver  microsomal 
enzyme  activity  are  paralleled  by  similar  changes  in  the  amount  of 
SKR  in  the  liver  cells.  Fouts  and  Rogers  (1965)  have  published  excel- 
lent photomicrographs  which  illustrate  the  differences  between  normal 
liver  cells  and  liver  cells  from  enzyme-stimulated  (phenobarbital- 
t rented)  rats.  As  discussed  above  under  pathology,  these  histologic 
changes  aie  thought  by  some  observers  to  be  identical  with  those 
caused  by  low  levels  of  DDT  and  other  chlorinated  hydrocarbon 
pesticides  a nd  labelled  as  pathologic. 

Although  the  matter  of  interaction  is  being  considered  by  another 
reviewer,  one  aspect  of  this  subject  shows  so  beautifully  the  extension 
of  animal  findings  into  man  that  it  deserves  to  be  mentioned  here. 

Street  (1961)  reported  that  the  storage  of  dieldrin  in  fat  of  female 
rats  was  markedly  depressed  when  DDT  and  dieldrin  were  fed  simul- 
taneously. On  the  other  hand,  addition  of  methoxychlor  to  the  diet 
did  not  affect  the  dieldrin  storage  pattern,  A similar  effect  on  fat 
storage  of  dieldrin  in  the  rat  was  also  produced  by  certain  drugs, 
including  phenobarbital  (Cueto  and  Hayes  1965),  aminopyrine,  tol- 
butamide, phenylbutazone,  and  heptabarbital  (Street  et  al.  1966). 

Very  recently,  Davies  et  al.  (1969)  have  described  lowered  blood 
levels  of  DDE  in  patients  taking  the  anticonvulsant  drugs  phenobar- 
bital and  diphenyl hydantoin  (dilantin).  The  microsomal  inductive 
effect  of  DDT  has  been  utilized  therapeutically  by  Thompson  et  ah 
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(1069)  in  the  treatment  of  a case  of  familial  unconjugated  nonhemo- 
lytic jaundice  with  DDT. 

/ ''•production* — There  is  now  a considerable  volume  of  data  avail- 
s' ie  on  the  effect  of  pesticides  on  reproduction  in  experimental  ani- 
mals, A two  generation  study  in  two  species  is  required  for  compounds 
to  be  granted  a tolerance  level  in  food.  In  general,  the  results  of  these 
studies  have  been  reassuring.  In  few  instances  have  effects  on  re- 
production occurred  in  the  absence  of  other  signs  of  toxic  effect. 

Ill  addition  to  any  possible  effects  on  reproduction,  DDT  and  the 
other  chlorinated  hydrocarbon  pesticides  may  also  poison  the  young 
by  way  of  the  mother's  milk,  since  these  compounds  are  excreted  in 
the  fat  moiety  of  the  milk  in  exposed  animals. 

Some  workers  have  postulated  an  estrogenic  effect  for  DDT  or  its 
congeners  based  on  general  steric  similarity  to  diethylstilbestrol.  Bur- 
lington and  Lindemnn  (1950)  showed  that  DDT  produced  a strik- 
ing inhibition  of  testicular  growth  and  secondary  sexual  characters 
of  cockerels,  Welch  et  ah  (1969)  reported  that  technical  DDT;  p,p'- 
DDT;  o,p'*I)DT;  and  methoxychlor  had  estrogenic  effects  in  the  rat 
as  shown  by  an  increase  in  uterine  net  weight. 

However,  Fisher  et  ah  (1952)  concluded  that  p,p'*DDT  did  not 
have  estrogenic  activity  since,  it  failed  to  maintain  estrus  in  ovariecto- 
mized  rats,  although  an  analog  (2,2'-bis(p-hydroxy  phenyl) -1,1,1- 
trichlotoethane)  did  show  such  activity. 

In  addition  to  this  possible  direct  estrogenic  effect,  DDT  and  the 
other  chlorinated  hydrocarbon  jiesticides  may  affect  reproduction 
through  their  microsomal  inductive  activity.  This  increase  in  drug- 
metabolizing  enzyme  activity  is  accompanied  by  an  increased  con- 
version of  steroids  to  polar  metabolites  (Kupfer,  1969;  Welch  et-  ah, 
1969).  Tlie  significance  of  this  effect  for  mammalian  reproduction  has 
not  yet  been  shown.  However,  it  has  been  postulated  (Wurster  1969) 
that  this  action  is  responsible  for  the  decreases  in  eggshell  thickness 
observed  in  certain  bird  species  fed  chlorinated  hydrocarbon  pesti- 
cides (Stickel,  1969). 

There  have  been  reports  of  a number  of  wild  bird  species,  notably 
the  peregrine  falcon  and  the  bald  eagle,  which  are  showing  declin- 
ing reproductive  success  and  population  numbers.  This  decline  has 
been  attributed  to  chlorinated  hydrocarbon  pesticides  by  some  ob- 
servers (Riseb  rough,  1969;  Wurster,  1969).  The estrogenicand  enzyme 
effects  noted  above  indicate  a possible  mechanism  for  such  an  etiology. 
However,  there  seems  at  this  time  to  be  a very  reasonable  doubt  that 
residues  of  the  chlorinated  hydrocarbon  pesticides  are  found  in  the 
natural  feed  of  these  birds  at  levels  equivalent  to  the  dosage  neces- 
sary to  produce  these  effects. 


In  studios  with  the  developing  chicken  embyro  involving  more  limn 
HK)  chemicals,  including  a number  of  pesticides,  high  nnd  specific 
icratogonic  activity  was  noted  with  3 fungicides — cnptam,  folpet,  nnd 
difolatnn  (Vevrett  et  al.,  1060) . Cnptnn  has  also  produced  mutagenic 
i*  fleets  in  hacterin,  in  a heteroploid  human  embyronic  lung  cell  line, 
and  in  a cell  line  derived  from  the  kidney  of  the  rat  kangaroo  (Lega* 
torct  sil.,  1009). 
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PREVENTIVE  AND  THERA MIUT1C  MEASURES 

Since  t)ie  end  of  World  Wnr  II,  many  new  chemicals  for  (he  pro- 
tection of  crops  and  the  abatement  of  nuisances  arising  from  the 
presence  of  various  types  of  jxsts  have  come  into  use.  Pesticides,  be- 
cause they  are  designed  to  injure  some  living  species,  may  have  a 
l>otential  for  harming  man.  Such  harm  may  arise  as  a result  of  use 
of  consumption  of  stored  or  agricultural  products  treated  with  pesti- 
cidal  chemicals  or  of  handling  such  chemicals  during  their  application 
to  stores  or  produce.  Here,  we  shall  be  concerned  only  with  risks  to 
man  from  the  handling  and  application  of  pesticidal  chemicals. 

California,  the  State  that  uses  about  one-fifth  the  total  amount  of 
ixsticidal  chemicals  consumed  within  the  entire  United  States  jxr 
year,  requires  its  physicians  to  report  attendance  upon  any  injured 
worker  (section  6407  of  the  California  Labor  Code).  This  system  has 
allowed  the  Hureau  of  Occupational  Health  of  the  California  Depart- 
ment of  Public  Health  to  report  that,  during  the  years  1935  and  1966, 
the  greatest  number  of  occupational  illnesses  attributed  to  economic 
l>oisons  was  held  to  be  due  to  organophosphorus  com|>ounds.  The  next 
highest  number  of  illnesses  (about  70  percent  of  that  attributed  to 
organophosphoms  compounds)  was  due  to  herbicides,  with  phenolic 
compounds,  halogenated  hydrocarbons,  fungicides,  compounds  con- 
taining Pb  or  As,  organomercurial  compounds  and  carbamates  follow- 
ing in  order  of  decreasing  activity  in  causing  sick  ness. 

Although  the  experience  of  California  with  pesticidal  chemicals 
may  not  lx?  typical  of  the  entire  United  States  (in  Xew  York  State, 
the  majority  of  poisonings  by  pesticides  reported  by  Poison  Control 
Centers  within  the  State  are  due  to  insecticides;  rodenticides  cause 
about  25  i*rcent  of  the  reported  cases  and  herbicides  only  about  4 
percent  whereas  in  California  herbicides  initiate  apparently  about  2$ 
percent  of  the  illnesses),  that  Stale's  figures  for  the  incidence  of  dis- 
ease due  to  economic  poisons  may  serve  as  a guide  to  what  the  other 
States  mavexpect  as  their  agricultural  activities  become  more  intensive 
in  response  to  the  need  to  provide  food  for  a progressively  increasing 
human  population. 

In  the  total  of  illnesses  caused  within  California  by  economic  poi- 
sons, the  most  comn>on  type  of  effect  was  the  development  of  some  sort 
of  skin  condition,  with  an  eye  condition,  a generalized  intoxication, 
a chemical  burn  and  a respiratory  condition  following  in  order  of 
decreasing  incidence.  When  one  considers  individual  types  of  economic 
jioisons,  one  finds  that  herbicides  and  phenolic  compounds  ha\  e similar 
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hierachies  of  effects,  with  mi  eye  condition  leading  the  other  sorts  of 
actions  as  the  most  common  and  being  followed  in  order  by  a skin 
condition,  a chemical  burn,  a respiratory  condition  and  a generalized 
intoxication.  The  other  6 types  of  economic  poisons  have  various,  and 
possibly  characteristic,  hierachies  of  toxic  actions.  All  these  heirarohies 
are  summarized  below,  in  units  of  the  incidence  of  the  least  common 
effect  for  each  type  of  economic  poison. 
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This  compilation  shows  that  the  only  type  of  economic  poison  that 
, is  especially  likely  to  cause  generalized  intoxication  is  the  organophos- 

phorus  derivatives.  Either  the  skin  or  the  eye  is  the  part  of  the  body 
most  likely  to  be  injured  by  most  of  the  other  types  of  economic 
poisons,  with  a chemical  bum  being  the  most  common  type  of  injury 
by  the  organomcncuriak  Hence  protection  of  the  eves  and  skin  from 
accidental  contact  with  pesticidal  chemicals  is  important  for  all  prin- 
cipal types;  in  the  case  of  organophosphonis  compounds  especially, 
protection  from  inhalation  or  ingestion  of  pesticides  is  important  also. 

/.  Pftemploymcnt  examination*. — Because  the  skin  is  at  least  to  some 
extent  a barrier  that  denies  access  to  the  interior  of  the  body  by  ex- 
ternal influences  and  because  the  skin  is  injured  also  by  many  economic 
jxnsons,  a normal,  healthy  skin  without  a previous  history  of  exanthe- 
matous or  other  sorts  of  pathologic  changes  should  be  a primary  re- 
quirement in  any  preemployment  medical  examination  of  a prospective 
employee  who  may  l*  exposed  more  or  less  continuously  to  pesticides. 
Similarly,  the  eyes  should  be  examined  carefully  by  the  use  of  fluores- 
cein or  other  appropriate  dye  for  evidence  of  previous  ulceration  or 
damage. 

Because  both  the  organophosphonis  and  the  halogenated  hydrocar- 
bon compounds  can  induce  the  electrical  seizure  patterns  in  the  KEG, 
I an  EKO  examination,  including  voluntary  overbreathing,  should  be  a 

part  of  any  thorough  preemployment  physical  examination  of  a pros- 
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pective  pesticide  operative.  Good  general  physical  condition  of  a new 
pesticide  operative  should  be  assured  medically;  this  involves  the 
examiners  taking  special  care  to  assure  himself  that  the  respiratory 
and  cardiovascular  systems  have  not  been  damaged  in  any  way  and 
that  hepatic^  renal  and  gastrointestinal  functions  arc  normal. 

0.  Personal  protection  against  expos urc. — Although  employers  can 
institute  rules  and  procedures  for  the  safe  handling  of  pesticides,  the 
individual  worker  is  the  final  arbiter  of  his  own  safety  when  using 
these  poisons.  In  particular,  he  must  understand  both  the  need  for, 
and  the  correct  use  of,  such  protective  clothing  as  rubber  gloves,  rubber 
boots,  rubber  apron,  impermeable  raincoat,  goggles,  face  shield,  ini|>er- 
meable  hood,  dust  mask  and  rubber  face  mask  with  protective 
cannister. 

It  is  the  responsibility  of  the  employer  to  assure  that  his  personnel 
understand  the  correct  use,  and  indications  for  the  use,  of  the  protec- 
tive items  mentioned  above  and  that  the  articles  appropriate  for  the 
work  that  the  employee  will  be  required  to  |>erform  are  available  to 
him*  It  is  the  responsibility  of  the  employee  to  conscientiously  use 
the  protective  items  and  procedures  appropriate  to  the  work  that  he 
l>orfonns,  The  pesticide  operative's  supervisor  has  res|>onsibility  for 
assuring  both  that  the  employee  knows  the  proper  use  of  the  protec- 
tive items  made  available  to  him  and  that  the  employee  makes  correct 
use  of  the  protect  ive  items  and  procedures  that  pertain  to  his  handling 
of  particular  pesticides. 

Whenever  the  more  potent  orgaiiophosphorus  compounds  (such  as 
demeton,  or  svstox,  and  dimefox)  are  handled  or  any  jjotent  |>esticidc 
is  applied  as  an  aerosol  within  a greenhouse,  a full  face  mask  with  a 
protective  cannister  and  an  impermeable  hood  should  be  worn.  In  other 
situations,  goggles,  a face  shield  or  a dust  mask,  as  appropriate,  is 
usually  sufficient  protection  to  the  head  and  neck  region. 

For  protection  of  the  body  in  general  from  the  most  toxic  materials, 
boots,  rubber  gloves  and  either  an  impermeable  coat  or  a tightly- 
woven  coverall  and  a rubber  apron  should  bo  worn  whenever  con- 
centrated pesticidal  chemical  must  be  handled  by  the  employee.  After 
the  concentrated  material  has  been  diluted  for  use,  spraying  from  the 
ground  should  be  performed  when  wearing  rubber  gloves,  rubber 
Loots  and  an  impermeable  coat  or,  at  the  least,  a coverall  and  lubber 
apron.  If  spraying  is  done  overhead,  an  impermeable  hood  should  la? 
worn  in  addition  to  any  other  protection  of  the  head  and  neck  region. 

The  pesticide  operative  should  be  acquainted  with  several  addi- 
tional general  procedures  relating  to  his  own  safety  during  mixing  and 
spraying  operations : 


1.  Do  not  smoke  during  diluting  nml  spraying  ojierntions.  Ciga- 
rettes or  other  items  of  tobacco  should  not  be  carried  on  the 
|>erson  during  these  operations. 

2.  Wash  face  and  hands  well  before  smoking,  eating  or  drinking 
during  the  workday. 

3.  Shower  or  bathe  thoroughly  at  the  end  of  the  workday. 

4.  Do  not  try  to  clear  a blocked  nozzle  by  sucking  or  blowing  with 
the  mouth. 

5.  Avoid  spray  drift. 

6.  Clean  protective  clothing  and  equipment  frequently  and  store 
carefully  to  avoid  tearing  or  creasing  that  may  lead  to  breaks. 
Permeable  clothing  should  be  laundered  ofter  each  day's  use, 
at  least.  In  case  of  a spilt  onto  such  clothing,  the  contaminated 
article  should  be  removed  at  once  and  replaced  by  a fresh  item. 

A number  of  studies  have  been  made  of  exposures  of  industrial  and 
agricultural  workers  to  pesticides  (/-/<?,  for  example) . These  find  in 
general  that  industrial  workers  suffer  more  intense  exposures  to  pesti- 
cides than  agricultural  workers.  In  a study  of  workers  using  DDT 
under  various  situations,  Wolfe,  et  al.  (17)  found  that  a man  spraying 
DDT  inside  a house  received  a total  exposure  to  this  chemical  about 
7.3  times  that  of  a man  applying  the  same  spray  outside  a house,  re- 
ceiving about  64.5  times  as  great  an  exposure  by  tiic  respiratory  route 
and  about  7.2  times  as  much  by  dermal  contamination.  Durham  and 
Wolfe  (3)  reported  that  a man  spraying  apple  trees  with  DDT  had 
essentially  the  same  exposure  to  that  insecticide  as  a man  spraying  out- 
side a house  for  vector  control.  Dermal  contamination  contributed 
2,246  times  as  much  exposure  to  DDT  in  these  outside  situations  as 
inhalation.  Durham  and  Wolfe  (4),  in  a similar  study  with  parathion, 
found  that  dermal  contamination  contributed  about  1,550  times  as 
much  exposure  to  this  organophosphoras  compound  as  inhalation. 
When  aerosolized  chlorthion  was  dispersed,  Culver,  et  al.  (19)  found 
that  cutaneous  contamination  was  only  10  times  as  important  as  in- 
halation as  a route  of  exposure.  When  a mist  of  parathion  was  sprayed 
on  tomato  plants,  Simpson  and  Heck  (19)  found  that  cutaneous  ex* 
|>osure  was  slightly  less  than  31.4  times  as  contributory  to  intoxica- 
tion as  was  inhalatory  exposure. 

Intoxication  by  pesticides  is  a particular  hazard  to  aeroplane  pilots 
engaged  in  custom  application  of  such  compounds  because  each  man's 
safety  depends  on  his  being  constantly  alert  and  vigilant  in  makingthe 
small  adjustments  required  to  keep  the  plane  flying  at  the  proper  alti- 
tude in  its  flight  pattern.  In  an  analysis  of  accidents  to  aerial  appliers 
of  agricultural  chemicals  between  1963  and  1966,  ReigH  and  Berner 
(10)  reported  that  the  accident  rate  for  aerial  appliers  was  three  times 
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as  high  as  that  for  such  commercial  flying  as  operation  of  an  air  taxi. 
Factors  relating  to  the  condition  of  the  pilot  were  considered  causative 
in  53  to  70  percent  of  all  crashes  during  the  4 years  of  the  study.  In  12 
fatal  crashes  st udied,  the  blood  cholinesterase  levels  of  the  pilots  were 
significantly  lowered  in  8.  The  importance  of  this  factor  is  emphasized 
by  the  cases  reported  by  Smith  (// ) , winch  illustrate  the  value  of  the 
jicsticide  operative's  being  aware  of  the  significance  of  subjective 
changes.  As  an  example,  one  case  reported  by  Smith  was  of  a pilot 
who  had  experienced  blurred  vision  and  extreme  fatigue  for  3 weeks 
but  refused  to  take  t ime  off  or  to  have  the  cholinesterase  activity  of  his 
blood  checked.  The  pilot  lost  control  of  his  plane  at  about  200  feet  and 
crashed ; he  died  3 days  later,  but  of  pesticide  poisoning  rather  than  of 
trauma. 

The  experiences  summarized  in  the  two  preceding  paragraphs  rein- 
force the  general  suggestions  stated  previously  for  safe  handling  of 
pesticides.  They  mirror  particularly  clearly  the  importance  of  protec- 
tion of  the  skin  from  contamination  by  pesticides  in  liquid  preparations 
and  of  protection  of  the  respiratory  system  whenever  pesticide  aerosols 
are  used,  especially  when  such  aerosols  are  generated  within  enclosed 
spaces. 

7.  Pcnona!  indicator*  of  ovarrpoturc. — At  the  present  time,  the 
two  groups  of  chemicals  used  most  widely  as  pesticides  are  the  chlori- 
nated hydrocarbons  and  the  inhibitors  of  cholinesterase  (including 
nrganophosphorus,  carbamate  and  bisquaternary  amine  types).  Ty|)es 
of  pesticides  of  some  importance  arc  thiocyanates,  dinitro  derivatives 
of  phenol  and  cresol,  anticoagulant  compounds,  fluoracctate  and  fluor- 
acetamide,  such  herbicides  as  di  (/n/AX-metliylaniliiiiuni  chloride) , or 
paraquat,  and  a number  of  others.  The  characteristics  of  poisoning  by 
|>e$ticides  of  various  types  are  summarized  in  handbooks  (20-22.  for 
example).  No  attempt  will  he  made  to  summarize  them  here,  hut  em- 
phasis is  placed  on  the  importance  of  the  workers  taking  steps  to 
familiarize  himself  with  the  effects  to  be  expected  from  the  materials 
with  which  he  works.  The  worker  must  lx*  impressed  with  the  ideas 
that  a stout  heart  and  strong  muscles  to  do  not  necessarily  protect 
againrt  ]K)isoning  by  pesticldal  chemicals,  that  prudence  in  taking 
proper  measures  to  prevent  poisoning  is  good  sense  rather  than  coward- 
ice, and  that  recognition  of  incipient  poisoning  in  himself  and  seeking 
appropriate  medical  assistance,  or  avoiding  further  contact  with  the 
offending  chemical  for  a time,  is  the  course  of  astuteness  and  wisdom 
rather  than  of  courage. 

For  the  two  most  widely  used  groups  of  i^csrieidcs,  the  most  usual 
early  symptoms  and  signs  are : 

Chlorinated  hydrocarbons:  Hyperexcitahilily,  nausea  and  vomiting, 


tremors,  depression,  dermatitis,  urticaria,  and  the  results  of  liver  and 
kidney  damage. 

Inhibitors  of  cholinesterases:  Running  nose,  sensation  of  tightness 
in  the  chest  or  of  shortness  of  breath,  cough,  dimmed  or  blurred  vision, 
tearing,  headache,  drowsiness,  dreaming  and  disturbed  sleep,  increased 
fatiguability  and  inability  to  concentrate  attention  on  n given  task. 

Clinical  diagnostic  techniques. — The  diagnosis  of  poisoning  by 
J)csticides  requires  no  particularly  unusual  techniques  other  than  the 
use  of  specific  analytic  methods  to  detect  individual  compounds.  The 
general  problems  of  diagnosis  of  poisoning  by  pesticides  have  been 
discussed  (2J,  £J). 

The  chlorinated  hydrocarbon  jieslicides  are  stored  in  the  body  fat 
of  people  in  various  countries  of  the  world  to  varying  degrees,  but 
residues  of  these  materials  appear  even  in  Alaskan  Eskimos 
for  example).  A method  for  preparing  samples  of  tissue  and  fat  for 
examination  for  pesticides  lias  been  published  (£5).  The  methods  of 
thi u-layer  chromatography  of  Kovacs  (30)  are  exl remely  sensit  i ve  and 
are  useful  in  detecting  small  amounts  of  chlorinated  hydrocarbon  and 
orga nophosphorus  compounds,  respectively)  in  biological  samples. 

Although  the  chlorinated  hydrocarbons  are  stored  in  fat,  which  can 
frequently  be  sampled  readily  by  simple  aspiration,  their  concentration 
there  bears  no  fixed  relation  to  the  degree  of  intoxication  exhibited  by 
the  individual  (37).  The  severity  of  intoxication  seems  to  be  correlated, 
at  least  in  the  rat,  with  the  concentration  of  chlorinated  hydrocarbons 
in  the  brain  (.55).  Wood  and  urine  are  biological  fluids  that  are  more 
closely  in  chemical  equilibrium  with  the  brain  than  is  body  fat.  There 
fore,  methods  for  estimating  the  concentrations  of  these  materials  in 
urine  and  blood  have  been  sought.  Durham  et  ah  (»W)  found  that  the 
urinary  excretion  of  DDA,  a metabolic  product  of  DDT,  by  39  subjects 
from  the  general  population  was  about  4 jvreent  of  that  by  40  workers 
in  formulating  plants  and  about  32  jiercent  of  that  by  eight  men  who 
ingested  3.5  mg./day  of  DDT.  Durham  et  ah  concluded  that  a more 
sensitive  method  was  needed,  because  their  method  gave  values  below 
the  limit  of  sensitivity  for  about  three  fourths  of  subjects  from  the 
general  population.  Oueto  and  Hiros  HO)  described  a more  sensitive 
gas  chromatographic  method,  with  which  they  were  able  to  identify  II 
chlorinated  hydrocarbon  insecticides.  This  method  indicated  that  jmo- 
pie  in  the  general  imputation  excrete  in  their  urines  about  70  percent  as 
much  terfal  DDT  congeners  as  a group  of  people  exposed  to  DDT 
occu|»ationally.  The  general  population  excreted  in  its  urine  slightly 
more  than  3 jmtvent  as  much  dieldrin  as  a group  of  occupationally 
exposed  men. 

The  urine  has  l men  found  to  be  a reasonably  good  indicator  of  ex- 


iwsm^  to  ft  number  of  other  types  of  j>esticidcs:  arsenic  (.{/),  load 
(42),  mercury  (4-f),I>XOC  (if),DX OSBP  (/|)|KPX  (tf).PCXH 
(45)  2,4-1)  (W,  2,4,5-T  (4«),  ntrnzine  (4S),  Haygon  (4S),  carbaryl 
(2),  Ciodrin  (50),  p-diclilorobenzene  (5/),  Kuron  (4<5),  malnthion 
(6J),  methyl  pamtbion  (.J5),  parathion  (45)  > Silvex  (4#)»  Simazine 
(45),  and  Zoctran  {63).  All  those  methods  may  not  liave  been  applied 
to  human  urines,  blit  they  should  be  so  applicable  with  some  modifica- 
tion, perhaps. 

In  some  cases,  analyses  of  urine  may  afford  a more  sensitive  index 
of  the  presence  within  the  body  of  significant  concentrations  of  toxic 
chemicals  than  analyses  of  blood  even.  This  seems  to  be  true  particu- 
larly of  parathion  (54)  and  to  a lesser  extent  of  the  other  organophos- 
pliorus  compounds  that  yield  p-nitrophcnol  on  hydrolysis  (KPN  and 
methyl  parathion).  The  urinary  excretion  of  p-nitrophcnol  can  be  a 
valuable  indicator  during  the  treatment  of  poisoning  by  parathion, 
or  KPN  or  methyl  parathion,  of  the  continued  need  for  therapy  until 
the  excretion  of  this  metabolite  falls  to  a low  level,  In  the  case  of 
malathion,  urinary  excretion  of  ether-soluble  organic  phosphate  is 
projwrtional  to  dosage  (52)  and  also  affords  a useful  monitoring 
method  for  deciding  whether  it  is  safe  to  discontinue  therapy  of  serious 
poisoning  at  a particular  moment. 

Saliva  is  another  readily  obtainable  biological  fluid  that  is  to  some 
extent  equilibrated  with  the  blood.  Heavy  metals,  including  mercury, 
appear  in  the  saliva  {65-67)*  Joselow  et  ah  (6)  found  a high  correla- 
tion between  the  concentrations  of  mercury  in  parotid  saliva  and  in 
blood,  suggesting  that  saliva  may  be  of  diagnostic  value  in  detecting 
and  treating  poisoning  by  organic  mercurial  fungicide*.  These  com- 
pounds have  caused  severe  and  fairly  common  i>oisonirjg  in  Sweden, 
where  they  swm  to  have  been  used  to  a greater  extent  than  in  this 
country.  Early  signs  of  poisoning  by  mercury,  which  should  be  known 
to  anyone  who  uses  organic  mercurial  fungicides  on  rq>etitive  occa- 
sions, include  fine  tremors  of  the  hands,  loss  of  )>eripheral  vision,  in- 
coordination of  speech,  gait  and  stereognosia,  and  headache  and 
irritability. 

In  some  cases,  analysis  of  blood  for  pesticidal  chemicals  may  l*  an 
important  aid  to  recognition  of  the  cause  for  an  intoxication.  Probably 
the  greatest  emphasis  has  been  placed  on  the  development  of  analy t ical 
methods  for  chlorinated  hydrocarbon  insecticides,  blit  methods  are 
available  also  for  such  compounds  as  |K*ntachloroplienol  (5tf),  DXOC 
(44)  and  2,4-1)  (5P).  Dale  et  al.  {60)  descrilnxl  a method  whereby 
eight  different  chlorinated  hydrocarbon  chemicals  could  I*  detected 
in  blood  samples  taken  from  representatives  of  the  general  population 
or  from  subjects  occupationally  exposed  toaldrin  and  Hieldrin.  A more 


efficient  method  for  determination  of  chlorinated  insecticides  in  blood 
was  described  by  Dale  et  al.  ( 61 ),  Another  modification  of  the  method 
of  Dale  et  al.  (60)  was  used  by  Kdinundson  et  al.  (62) , who  found 
that  the  concentrations  of  DDT  and  DDE  in  blood  samples  from  non- 
white subjects  were  consistently  higher  than  those  from  white  subjects 
in  the  same  occupational  groups,  Curley  and  Kimbrough  (63)  reported 
that  human  milk  may  contain  about  18  times  the  concentration  of 
DDT  in  plasma,  something  more  than  seven  times  the  DDE,  about  50 
times  the  DDD,  about  13  times  the  total  DDT  congeners,  about  six 
times  the  BHC,  only  slightly  more  hcptachlor  epoxide  and  about  eight 
times  the  dieldrin. 

In  poisoning  by  inhibitors  of  cholinesterases  of  any  chemical  type, 
measurement  of  the  cholinesterase  activities  of  plasma  and  red  cells 
may  bo  a useful  procedure.  Differential  inhibition  of  cholinesterases  of 
the  pseudo  and  true  types  can  be  helpful  in  recognizing  the  cholines- 
terase inhibitor  involved  in  addition  to  giving  some  rough  indication 
of  the  severity  of  poisoning.  When  organophosphoms  compounds  arc 
involved,  any  of  a number  of  methods  for  estimation  of  cholinesterase 
activity  may  bo  used;  when  a reversible  inhibitor  is  concerned,  the 
cholinesterase  activity  is  estimated  the  most  accurately  by  the  pH-stat 
method  (64,65). 

Symptomatology  is  another  important  aspect  of  diagnosis  of  intoxi- 
cation by  economic  poisons.  In  a study  of  illnesses  reported  from  36 
States  by  1,105  employees  of  pest  control  companies,  Stein  and  Hayes 
reported  (12)  that  the  most  common  complaints  were  dermatitis, 
infection  (including  pneumonia),  headache,  gastrointestinal  upset, 
cardiovascular  disturbances,  joint  pain,  and  dizziness.  In  a somewhat 
similar  study,  Reich,  et  al.  found  (©©),  that  the  most  common  signs 
and  symptoms  of  129  cases  of  poisoning  by  pesticides  in  southern 


dominal  pain,  dizzi- 
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Texas  were  vomiting,  nausea,  miosis,  weakne 
ness,  sweating,  increased  salivation,  headach* 
tension.  Most  of  the  second  set  of  signs  and 
insecticides  are  referable  to  inhibitors  of  <• 
first  set  contains  symptoms  that  could  ai 
chlorinated  hydrocarbon  insecticides  as  rca 
inhibitors  of  cholinesterases. 

The  greatest  uncertainty  in  the  diagnosis  of  j>  oning  by  pesticides 
relates  to  hypersensitivity.  As  reported  b;>  S*  and  Hayes  (12), 
dermatitis  was  the  most  common  complaint  by  pc  i ride  appliers  work- 
ing in  36  different  States.  West  reported  (13)  i hat  dermatitis  was 
among  the  most  frequently  reported  diseases  of  farm  laborers.  The 
differentiation  of  dermatitis  arising  from  hypersensitivity  to  a chem- 
ical from  that  depending  upon  a direct  irr'*ant  or  other  cutaneous 
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effect  of  a chemical  taxes  the  diagnostic  ability  of  the  dermatologist, 
yet  the  distinction  is  important  because  the  methods  of  treatment 
differ  widely  in  these  two  situations. 

The  demonstration  by  Hleiberg  ct  at.  {67)  of  both  ehloracne  and 
photosensitive  hepatic  porphyria  in  workers  who  had  been  exposed  to 
2, 4-1)  and  2,4,5-T  is  taken  to  show  the  involvement  in  the  dermal  effects 
of  these  two  pesticides  of  both  direct  effects  on  the  skin  and  of  photo- 
sensitization  of  the  skin.  The  latter  effect  results  from  deposition  of 
uroporphyrins  in  the  skin  as  a result  of  damage  to  the  liver.  The  same 
sort  of  effect  has  been  reported  from  Turkey  when  flour  made  from 
wheat  grown  from  seed  treated  with  BHC  was  ingested.  This  toxic 
form  of  photosensitive  hepatic  porphyria  can  be  differentiated  from 
the  hereditary  form  of  the  disease  by  estimation  of  the  concentration 
of  delta-aminolevulinic  acid  in  the  urine.  This  will  bo  normal  in  the 
presence  of  markedly  increased  concentrations  of  uroporphyrins  and 
coproporphy rins  in  the  toxic  form  of  the  disease  but  markedly  ele- 
vated also  in  the  hereditary  form. 

6.  Therapy. — Treatment  for  intoxications  by  most  classes  of  pesti- 
cides is  nonspecific  and  oriented  around  the  signs  and  symptoms  ob- 
served in  the  patients  under  treatment.  Good  diagnosis  of  the  cause 
of  the  signs  ami  symptoms  is  important,  however,  because,  to  give  one 
definite  example,  use  of  atropine  to  treat  poisonings  by  the  pesticides 
dinitrophenol  and  pentachlorophcno],  which  resemble  those  from  in- 
hibitors of  cholinesterases  in  having  as  symptoms  sweating,  marked 
fatigue,  nausea,  vomiting,  occasional  diarrhea,  and  convulsions,  may 
be  rapidly  fatal  whereas  it  can  be  lifesaving  in  actual  cases  of  poison- 
ing by  cholinesterase  inhibitors.  Probably  the  best  indicator  for  dif- 
ferentiating poisoning  by  t he  intro  or  chlorophenols  from  that  by 
inhibitors  of  cholinesterases  is  that  a definite  to  severe  hyperpyrexia 
will  occur  in  poisoning  by  the  phenol  derivatives  whereas  the  body 
temperature  in  poisonings  by  the  inhibitors  of  cholinesterases  tends 
to  be  depressed,  at  least  in  the  acute  type  of  poisoning. 

In  any  poisoning  in  which  the  causative  agent  may  have  entered 
the  body  through  the  mouth,  gastric  lavage  with  several  liters  of  water 
is  indicated.  In  a conscious  subject,  the  same  result  may  be  accom- 
plished by  administration  of  syrup  of  ipecac  or  some  other  emetic. 
Catharsis  by  sodium  sulfate  (30  gm.  in  250  ml,  of  water),  may  be 
useful  also.  A slurry  of  activated  charcoal  (5-6  heaping  teaspoons 
of  activated  charcoal  in  200  to  250  ml.  of  water)  may  be  placed  in 
the  stomach  after  cessation  of  vomiting  or  gastric  lavage  in  the 
absence  of  any  more  definitive  treatment. 

When  the  causative  agent  of  poisoning  may  have  contaminated  the 
skin,  as  during  spraying  operations,  the  skin  should  be  well  scrubbed 
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with  soap  and  water.  The  administration  of  oxygen  or  artificial  ven- 
tilation aro  obvious  therapeutic  procedures  in  cases  of  anoxemia  and 
cyanosis  or  apnea,  respectively. 

In  treating  poisonings  by  the  chlorinated  hydrocarbon  insecticides, 
sympathomimetic  compounds,  such  as  epinephrine,  are  contraindicated 
because  of  the  danger  that  they  will  induce  ventricular  fibrillation. 
Useful  drugs  are  such  central  depressants  ns  phenobarbital  and  pento- 
barbital. Diplienylhydantoiii  also  may  be  of  value  in  continuing  con- 
vulsions. Calcium  gluconate  may  be  useful.  Patients  who  convulse 
should  be  observed  carefully  for  several  days  to  a week  for  signs  of 
secondary  or  persistent  effect.  EEG  recordings  are  useful  in  detecting 
prolonged  cortical  dysfunction  but  are  not  useful  per  se  in  diagnosis 
of  poisoning;  inhibitors  of  cholinesterases  and  chlorinated  solvents 
(carbon  tetrachloride,  tetrachlorethylene,  etc.)  may  yield  EEG  pat- 
terns similar  to  those  due  to  the  chlorinated  hydrocarbon  insecticides. 
Repeated  administrations  of  barbiturates  and  anticonvulsant  drugs 
may  actually  reduce  the  body  burden  of  chlorinated  hydrocarbon 
insecticides  (€8). 

Materials  that  may  be  useful  in  treating  poisonings  by  other  pesti- 
cides that  have  no  definitive  therapies  include  amyl  nitrite  (pearls), 
cold  water  (for  rectal  ami  colonic  irrigation  in  hyperthermia),  glucose 
(sterile  5 percent  solution),  morphine,  phentolaminc,  sodium  nitrate 
(sterile  3 percent  solution),  sodium  sulfate  (sterile  10  percent  solution 
as  well  as  crystals  or  powder),  and  sodium  thiosulfate  (sterile  10  per- 
cent and  25  percent  solutions). 

Only  three  classes  of  pesticides  can  be  said  to  have  fairly  specific 
therapy  for  poisonings  by  them:  The  inhibitors  of  cholinesterase,  the 
anticoagulant  rodenticidcs,  and  heavy  metal  compounds.  The  anti- 
coagulant rodenticides  have  ns  an  important  part  of  their  toxic  actions 
inhibition  of  the  production  of  prothrombin  by  the  liver,  although  this 
may  not  be  their  sole  mechanism  of  action  (especially  true  for  the 
indanedione  derivatives).  Vitamin  K*  (phytonadione),  is  a specific 
antidote  for  the  hemorrhagic  effects  of  these  compounds.  This  may  be 
administered  by  slow  intravenous  drip.  Initially,  in  severe  poisoning, 
transfusion  may  be  desirable  to  furnish  an  increased  concentration  of 
prothrombin  extrinsically  until  the  liver  can  be  enabled  by  the  admin- 
istered phytonadione  to  increase  the  supply  of  intrinsic  prothrombin. 
Ascorbic  acid  and  ferrous  sulfate  may  be  useful  adjuncts  to  phytona- 
dione in  recovery  from  serious  poisoning  by  an  anticoagulant  rodenti- 
cide,  particularly  so  when  the  poisoning  has  entailed  significant  loss 
of  blood. 

Poisonings  by  heavy  metal  derivatives  (of  arsenic,  copper,  lead, 
manganese,  mercury,  and  zinc),  can  be  combatted  in  two  ways:  By 
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preferential  affinity  and  removal  from  active  sites  in  tissues,  and  by 
chelation,  with  the  formation  of  complexes  from  which  the  metallic 
atom  is  no  longer  free  to  diffuse.  Dimercuprol  (BAL)  accomplishes 
both  these  mechanisms  of  antagonism  for  such  metals  as  arsenic  and 
mercury  that  seem  to  react  with  sulfhytkyl  groups  in  target  tissues 
or  organs.  Calcium  disodium  edetate  (EDTA)  and  penicillamine  arc 
less  specific  than  dimercaprol  and  accomplish  only  the  second  of  these 
general  mechanisms  of  antagonism  to  heavy  metal  poisonings.  Dimer- 
eaprol  is  particularly  useful  in  poisonings  by  preparations  containing 
arsenic  or  mercury;  its  effectiveness  in  lead  poisoning  is  questionable. 
Dimercaprol  is  injected  intramuscularly  as  a solution  in  oil.  EDTA 
is  administered  preferably  by  intravenous  or  intramuscular  injection 
in  serious  poisonings,  but  can  be  given  by  mouth.  With  the  last  route 
of  administration,  chelation  within  the  intestinal  lumen  of  lead,  for 
example,  may  result  in  enhanced  absorption  of  the  metal.  Copper, 
lead,  manganese,  mercury,  and  zinc  can  be  effectively  detoxified  by 
chelation  by  EDTA.  Penicillamine  is  a less  versatile  chelating  agent; 
after  oral  administration,  it  L effective  in  removing  copper  and  lead, 
and  possibly  mercury,  from  the  body.  Even  more  specific  is  deferoxa- 
mine, which  seems  to  be  capable  of  chelating  only  iron.  It  can  be  given 
by  either  intramuscular  injection  or  oral  administration  to  treat  acute 
intoxication  by  iron,  which  occurs  in  the  fungicide  Ferbam  but  is  not 
a usual  component  of  pesticidal  chemicals. 

The  final  group  of  compounds  with  more  or  less  specific  therapeutic 
measures  available  is  that  of  inhibitors  of  cholinesterases.  This  group 
is  heterogeneous  chemically  although  all  its  members  have  a common 
mechanism  of  action.  It  includes  bisquaternary  amines,  carbamates 
and  orga nophosphorus  derivatives.  The  first  two  subgroups  differ  from 
the  third  one  in  that  inhibition  of  cholinesterases  by  them  is  more 
re^iily  reversible  than  that  by  the  organophosphorus  compounds.  In 
all  cases,  a prominent,  although  perhaps  not  the  only,  source  of  toxic 
activity  is  accumulation  of  acetylcholine  within  the  blood  and  various 
tissues  of  the  poisoned  individual.  Atropine  is  a competitive  antagonist 
of  acetylcholine  at  many  nerve  endings  in  effectors  of  the  body  (espe- 
cially in  muscarinic  effectors  innervated  by  the  parasympathetic  divi- 
sion of  the  autonomic  nervous  system  and  less  so  within  the  central 
nervous  system).  Atropine  is  an  effective  antagonist  of  poisoning  by 
many  inhibitors  of  cholinesterases  up  to  the  level  of  intoxication  by 
2 to  3 LD50  doses,  where  effects  on  nicotinic  effectors  (particularly 
neuromuscular  junctions)  by  the  accumulated  acetylcholine  become 
important.  When  this  generalization  is  untrue,  as  in  the  case  of 
carbaryJ,  one  has  to  think  that  the  pesticide  has  some  other  important 


mechanism  of  action.  Atropine  will  antagonize  only  about  1.4  LD50 
doses  of  carbaryl. 

To  antagonize  the  paralysis  of  muscles  caused  by  doses  of  inhibitors 
of  cholinesterase  above  about  2.5  to  3 LD60  doses,  the  oximes  have  come 
into  use.  The  only  one  of  these  compounds  available  for  clinical  use 
within  the  United  States  is  N-methyl,  2-formyl  pyridinium  oxime, 
employed  as  the  chloride  (2-PAM  Cl),  the  bromide  (2-PAM  Br)  or 
the  methane  sulfonate  (P2S)  or  “Contrathion”  Also  available  and 
used  fairly  widely  in  Europe  and  the  Far  East  is  Toxogonin  (bis 
[N-methyl,  4-formyl  pyridinium  oxime]  ether) , used  as  the  dichloride 
or  dibromide  salt.  In  intoxications  by  some  inhibitors  of  cholinester- 
ases, Toxogonin  seems  to  be  effective  even  when  2-PAM  is  only 
partially  effective  (69).  The  mechanisms  of  action  of  both  2-PAM 
and  Toxogonin  in  overcoming  block  of  neuromuscular  transmission 
seem  to  be  that  the  oximes  reactivate  the  inhibited  cholinesterase  by 
being  themselves  pliosphorylated  by  the  phosphoryl  group  that  previ- 
ously had  inactivated  cholinesterase  by  reacting  with  its  active  site. 
The  phosphoryl ated  oximes  in  some  cases  are  themselves  potent  in- 
hibitors of  cholinesterases,  so  that  stable  pliosphorylated  oximes  may 
induce  a secondary  poisoning  having  the  same  characteristics  as  that 
induced  originally  by  the  organophosphorus  insecticide.  In  many  cases, 
however,  the  pliosphorylated  oximes  are  unstable  and  undergo  hy- 
drolysis within  the  body,  the  products  of  this  hydrolysis  then  being 
excreted  in  the  urine.  In  this  way,  the  oximes  in  many  cases  accelerate 
the  loss  from  the  body  of  the  phosphoryl  moiety  that  inactivates 
cholinesterase  in  various  tissues  and  organs. 

The  statement  has  been  made  that  the  oximes  should  not  be  used 
in  treating  intoxications  by  carbamates.  This  is  nearly  as  untrue  as  the 
generalization  that  oximes  should  be  used  in  treating  intoxications  by 
all  organophosphorus  anticholinesterase  compounds.  In  poisonings  by 
some  carbamates,  the  oximes  seem  to  be  quite  useful;  in  poisonings  by 
some  organophosphorus  compounds,  the  oximes  are  almost  completely 
ineffective  and  in  a few  cases  (morphothion,  for  exnmple)  seem  to  en- 
hance the  toxicity  of  the  organophosphorus  compound.  What  is  needed, 
therefore,  rather  than  a blanket  approval  of  the  use  of  oxiines  in  treat- 
ing intoxications  by  organophosphorus  compounds  and  a blanket  pro- 
scription against  their  use  in  intoxications  by  carbamates,  is  precise 
knowledge  of  the  intoxications  in  which  the  oximes  may  be  expected  to 
be  useful,  of  those  in  which  the  oximes  accomplish  neither  harm  nor 
Ixniefit  and  of  those  in  which  the  oximes  are  likely  to  be  dangerous. 

Because  of  the  phenomenon  of  aging  of  pliosphorylated  cholin- 
esterase, whereby  the  phosphoryl  moiety  loses  one  of  its  alkoxy  groups 
in  exchange  for  a hydroxyl  group  and  becomes  inaccessible  to  such  a 


nucleophilic  molecule  ns  an  oxime,  the  oximes  become  progressively 
less  effective  antagonists  of  the  toxic  actions  of  some  of  the  organo- 
phosphorus  insecticides  and  miticides.  For  optimal  effectiveness  in 
treating  appropriate  poisonings  wherein  marked  weakness  is  evident, 
oxime  must  be  administered  as  early  as  possible  after  poisoning.  The 
administration  of  oxime  should  always  be  coupled  with,  or  at  least 
followed  closely  by,  the  use  of  adequate  doses  of  atropine.  In  marked 
or  severe  intoxication  by  inhibitors  of  cholinesterase,  the  doses  of 
atropine  that  are  adequate  may  be  very  large  by  usual  standards  (20 
to  50  or  more  mg  of  atropine  sulfate  to  a patient  during  the  first  day 
or  so  of  treatment).  The  objective  in  using  atropine  is  to  produce  and 
maintain  a comparatively  dry  mouth  and  a dry  skin. 

In  experiments  with  mice,  Andrews  and  Miskus  (7D)  have  reported 
that  tetraethylammoniuin  chloride  is  less  damaging  than  atropine 
when  used  to  treat  poisoning  by  single  oral  LI)ao  doses  of  the  carbam- 
ates Zcctran,  Lannate  and  NIA-10242.  The  toxic  effects  of  another 
carbamate,  Matacil,  that  produced  delayed  deaths  (12  to  20  hours 
after  oral  administration  of  the  carbamate)  were  not  antagonized  by 
tetraethylammonium  chloride.  The  latter  material  was  ineffective 
against  the  organophosphorus  compound  parathion  also.  Tctraethyl- 
ainmoniuin  chloride  seems  not  to  have  been  used  in  treating  intoxica- 
tions by  anticholinesterase  compounds  in  man. 

{For  a more  detailed  discussion  of  the  therapy  of  intoxication  by 
inhibitors  of  cholinesterases , sec  reference  71.) 

6.  Surveillance  and  epidemiologic  studies, — Although  acute  poison- 
ing by  pesticides  has  received  considerable  attention  and  there  have 
been  a few  Judies  of  occupational  groups  that  were  exposed  to  pesti- 
cides during  long  periods  as  a consequence  of  their  chosen  em- 
ployment, no  systematic  study  of  this  sort  on  a countrywide  basis  lias 
yet  been  undertaken.  The  objectives  of  such  a study  might  be: 

1.  To  characterize  localities  throughout  *he  counrty  on  the  basis 
of  their  experience  with  sickness  due  to  exposure  to  pesticides. 

2.  To  identify  the  factors  related  to  usage  of  pesticides  that  deter- 
mine differences  between  localities. 

3.  To  identify  the  factors  related  to  personnel  that  determine 
differences  between  localities. 

I.  To  identify  the  factors  related  to  each  environment  that  deter- 
mine differences  bet  ween  localities. 

5.  Within  individuals  localities,  to  identify  the  factors  relating 
to  usage  of  pesticides  that  determine  differences  between 
persons. 

G.  Within  individual  localities,  to  identify  the  factors  relating  to 
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separate  persons  that  determine  the  different  experiences  of 
these  persons  with  pesticides. 

7.  Within  individual  localities,  to  identify  the  factors  relating  to 
the  environment  of  the  person  that  determine  differences  be- 
tween persons  in  their  experience  of  sickness  due  to  pesticides. 

Two  situations  seem  necessary  for  collection  of  the  data  required 
for  such  a study : 

1.  That  poisoning  bo  made  reportable  in  the  same  way  that  in- 
fectious disease  is  reportable. 

2.  That  each  locality  be  provided  with  at  least  one  team  of  two 
observers,  one  of  whom  would  be  trained  in  the  economic 
aspects  of  the  usage  of  pesticides  and  who  could  judge  whether 
the  right  pesticide  was  being  used  at  the  proper  period,  the 
correct  frequency,  and  the  appropriate  dosage  and  method  of 
application  to  achieve  control  of  the  target  pest.  The  other 
member  of  the  team  would  be  trained  in  the  health  aspects  of 
the  usage  of  pesticides  and  would  be  able  to  judge  whether 
proper  precautions  in  the  handling  of  pesticides  were  taken, 
whether  people  were  affected  by  pesticides  despite  their  protes- 
tations to  the  contrary  or  their  lack  of  direct  contact  with  such 
chemicals  and  whether  effects  of  pesticides  on  individuals  re- 
sulted from  direct  toxicity,  from  allergy  or  from  anaphylaxis. 

In  the  reporting  of  sickness  due  to  pesticides,  not  only  should  the 
fact  of  illness  be  reported  but  also  the  exact  locality  and  circumstances 
of  the  inception  of  the  illness.  Necropsies,  whether  or  not  death  was 
attributed  to  pesticides,  should  include  examinations  of  blood,  urine 
and  selected  tissues  for  pesticidal  chemicals.  At  the  same  time,  attempts 
should  bo  made  to  characterize  the  immediate  environment  of  the  de- 
ceased for  its  content  of  pesticides.  To  quote  Dr.  Simmons  {72) , “We 

need  to  know who  gets  poisoned  with  what,  and  where,  when, 

how  and  wdiy.” 

Selby  et  dl.  {73)  have  attempted  to  use  a measure  derived  from 
answers  to  a questionnaire  as  an  index  of  exposure  to  pesticides  but 
found  that  there  was  no  association  between  an  individual’s  calculated 
exposure  and  analytical  values  for  pesticide  in  blood,  adipose  tissue 
or  placental  tissue.  They  conclude  that  the  impact  of  pesticides  upon 
people  in  a general  population  must  be  assessed  on  a basis  of  analytical 
values  rather  than  of  memories  and  impressions  of  exposure  to  pesti- 
cidal chemicals.  This  is  useful  guidance  in  the  design  of  a surveillance 
program  in  suppoit  of  an  epidemiologic  study. 

7.  Conclusions, — The  foregoing  discussion  has  attempted  to  sum- 
marize some  aspects  of  the  medical  consideration  of  exposure  to  pesti- 
cides. The  summary  shows  the  following  needs : 


1.  Surevillance  over  the  use  of  pesticides  by  teams  of  two,  one 
trained  in  the  practical  aspects  of  the  use  of  pesticides  and  the 
other  in  the  health  aspects. 

2.  Obligatory  reporting  of  illness  due  to  poisoning  by  pesticides 
and  systematic  study  of  all  necropsies  to  delineate  the  deceased’s 
exposure  to,  and  accumulation  of,  pesticides. 

3.  Thorough  physical  examination  and  indoctrination  in  safe 
procedures  for  working  with  pesticides  of  all  who  regularly 
contact  pesticides. 

4.  Wide  dissemination  of  ways  whereby  individuals  can  recognize 
that  they  arc  being  affected  adversely  by  pest  icicles  and  indoc- 
trination with  the  fact  that  pesticides  are  inherently  dangerous 
materials,  which  must  be  handled  with  respect. 

5.  Wide  dissemination  of  knowledge  on  first-aid  procedures  in 
poisoning  by  pesticides. 

6.  Complete  knowledge  of  the  mechanisms  of  action  of  all  pesti- 
cides in  use,  including  effects  on  organizing  embryos,  develop- 
ing fetuses  and  growingyoungas  well  as  on  adults. 

7.  Specific  treatments  for  intoxications  by  all  types  of  pesticides, 
with  clear  indications  of  differences  in  response  to  therapy  of 
poisonings  by  specific  pesticides  within  c;; eh  group. 

8.  Better  diagnostic  procedures  for  recognizing  poisoning  by 
specific  types  of  pesticides,  including  improved  and  simpler 
analytical  methods,  biochemical  tests  and  clinical  examination 
procedures. 
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CARCINOGENICITY  OF  PESTICIDES 
Summary 

The  Technical  Panel  on  Carcinogenesis  examined  the  available 
reports  on  tests  of  tmnorigenicity  conducted  on  about  100  pesticidal 
chemicals.  From  these  reports  it  separated  those  which  did  not  pro- 
vide information  sufficient  for  it  to  reach  a judgment  as  to  tumor!- 
genicity.  The  remaining  reports  provided  a basis  for  assigning  each 
of  79  pesticides  to  one  of  three  major  groups : 

A.  Those  judged  “not  positive  for  umiorigenicity.55 

B.  Those  judged  “positive  for  tumorigenicity.55 

C.  Those  for  which  the  evidence  was  considered  insufficient  for 
judgment. 

All  other  pesticides  fall  into  Category  D:  “Available  information 
insufficient  to  justify  any  comment.55 

On  the  basis  of  its  conclusions  of  tumorigenicity  of  specific  pesti- 
cides the  Panel  has  recommended  the  following  actions: 

Group  A pesticides. — No  action  be  taken  to  alter  current  practices. 

Group  B pesticides. — Exposure  of  human  beings  be  minimized  and 
use  of  these  pesticides  restricted  to  those  purposes  for  which  there  are 
judged  to  be  advantages  to  human  health  which  outweigh  the  potential 
hazard  of  carcinogenicity. 

Group  C pesticides . — Graded  priorities  for  additional  testing  based 
upon  findings  recorded  in  this  document  plus  other  indications  for 
concern,  coupled  with  suggestions  for  similarly  graded  reductions  of 
human  exposure  to  some  of  these  pesticides. 

Group  D pesticides. — Appointment  of  a body  of  scientists  to  take 
up  a continuing  search  of  all  sources  of  reports  on  tests  of  tumori- 
genicity of  pesticides,  and  to  assign  the  remaining  pesticides  to  appro- 
priate categories  of  priority  for  additional  studies  and  regulatory 
action.  In  this  regard,  exemption  of  selected  pesticides  from  require- 
ments for  testing,  where  based  upon  a “grandfather  clause,55  is  re- 
garded as  unsound. 

The  Panel  has  also  offered  a number  of  general  recommendations 
as  to: 


1.  Regulation  of  use  practices; 


2.  Routine  testing  for  tumorigrni  >cgu!ntory  purposes, 

as  well  ns  augmentation  of  methodology  aim  oilier  research; 

3.  Availability  of  information  on  pesticides  testing  results; 

4.  Legislnt  ive  needs, 

One  member  of  the  panel  of  eight  dissented  from  several  of  the 
above- stated  opinions,  The  dissenting  opinion  is  stated  in  full  on 
pages  483-488  of  this  document, 

Introduction 

This  Technical  Panel  on  Carcinogenesis  was  charged  with  resign* 
sibility  for  interpreting  available  reports  on  the  carcinogenicity  of 
pesticides,  with  the  pui|x>$e  of  estimating,  insofar  as  |>ossible,  the 
carcinogenic  hazard  which  these  substances  might  |>ose  to  human 
health  and  the  development  of  recommended  courses  of  action  based 
on  these  findings. 

Rej)orts  oi.  the  tumorigenicity  testing  of  jiesticides  exist  principally 
in  three  sources:  the  general  scientific  literature,  the  files  of  the  Fed- 
eral regulatory  agencies,  and  the  files  of  the  )>esticidcs  manufacturing 
industry.  The  general  scientific  literatim*  contains  only  a fraction  of 
the  rejiorts  of  tests  which  must  have  been  conducted.  I >»  published 
reports  in  the  files  of  industry  and  of  Federal  regulatory  agencies  are 
less  accessible  than  the  general  scientific  literatim*.  Of  the  pesticides 
listed  in  the  rejiort  by  Xeumeyer  et  nl.  (/),  studies  of  carcinogenicity 
have  been  reported  in  the  general  scientific  literature  for  but  nlxnit  one- 
fifth,  and  this  figure  includes  those  |>esticides  reported  for  the  first 
time  in  the  June  1009  issue  of  the  Journal  of  thr  Rational  Canrn- 
Institute  (£).  The  Food  and  I)rug  Administration  made  available  re- 
l>orts  in  res|>onse  to  s|>ecific  rupiests.  Industry's  files  were  not  exam- 
ined. Accordingly,  the  Panel  cannot  state  the  completeness  of  its  infor- 
mation. It  api>cars  proliable  that  some  of  the  carcinogenicity  testing 
which  has  resulted  in  negative  findings  has  not  com?  to  the  attention 
of  the  Panel.  Such  negative  data  aiv  not  readily  acceded  for  publica- 
tion by  most  scientific  journals. 

The  quality  of  evidence  in  some  of  the  reports  was  another  source 
of  difficulty.  Many  of  the  reports,  published  and  unpublished,  failed 
to  provide  enough  data  to  ]icrmit  judgments  as  to  the  safety  of  some 
pesticides,  1 Mails  of  the  experiment*  (nuuiliers  of  animals,  dcscrip 
t ion  of  controls,  dm  at  ion  of  the  experiments)  were  somet  imes  missing.1 


1 ft  formation  ^ th*  f*or 1 1 ^ of  Ihe  rbrtnlcaW  te*tr,|  «a«  nol  ahlforiRlj  available  to  the 
eieepl  la  the  laManre  of  the  Modj  eohdoete^l  at  the  Monetf.-*  R^nearth  l.'iborttotlc* 
tor  the  NalMtal  Taarer  InMltate.  While  the  rtport  of  tM«  etiHj  til  4oe*  not  contain  thi* 
Hfofiaatln*.  it  mar  hr  obtained  hj  nrlttrf  to  the  Rr*e*rtfc  Information  Branch.  (>ftce  <>f 
the  Director,  National  Cancer  ln*Ulat>  National  IftMlIntea  of  lleallh,  Bel  heed  a.  Mi  2COI4. 
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The*  conclusions  of  the  Panel,  noted  below,  arc  based  on  examination 
of  the  available  data  on  experience  with  laboratory  animal  systems. 
The  Panel  is  fully  aware  of  the  difficulties  in  extrapolating  from 
laboratory  tx|>erience  with  experimental  animals  to  the  human  situa- 
tion. However,  the  epidemiologic  approach  to  study  of  a near  ubiqui- 
tous environmental  contaminant,  such  ascertain  persistent  }>esticides, 
is  equally  complex.  Very  little  acceptable  epidemiologic  data  exist 
concerning  pesticides  in  relation  to  chronic  disease  in  mail.  These  topics 
are  addressed  more  completely  hr  later  sections  of  this  report. 

During  its  discussions,  the  Panel  frequently  was  reminded  of  the 
complexity  of  the  total  environment,  not  only  in  respect  to  pesticides 
but  also  to  other  chemicals,  pharmaceuticals,  and  biological  agents  af- 
fecting the  human  organism.  Attention  is  drawn  totliis  matter  liecanse 
intelligent  management  of  pesticidal  agents  requires  a comprehensive 
understanding,  with  due  attention  to  all  sources  of  human  exposure, 
(iennane  to  this  issue  is  the  )>otential  for  interaction  among  pesticides, 
of  pesticides  with  other  chemicals,  and  suspected  factors  in  cancer 
causation.  The  Panel  recognized  the  complexity  of  the  |>otcittia1  inter- 
actions in  carcinogenesis  and  the  extreme  difficulty  of  the  task  of  un- 
raveling them.  In  this  context,  the  sparseness  of  reports  on  the  topic 
of  interactions  among  i>esticidcs  in  carcinogenesis  indicates  a need 
for  flirt  her  attent  ton  to  this  aspect  of  the  problem. 

In  developing  its  recommendations,  the  Panel  wuj  cognizant  of  the 
uses  and  benefits  of  jiesticidcs.  The  Panel  concluded  flint  these  matters 
were  lieyond  its  ext>ei1isc  and  ivcqKmsihility,  and  were  properly  the 
responsibility  of  other  committees  of  the  Commission.  It  develo|*»d  its 
recommendations  on  (lie  basis  of  issues  of  carcinogenesis  and  public 
health  only  while  recognizing  that  the  recommendations  of  the  Com- 
mission ns  a whole  with  respect  to  s|>ecifir  pesticides  must  t*  based 
u|>on  a coinjirehensive  consideration  of  all  factors.  In  the  case  of  DDT, 
for  example,  it  ap)>eais  probable  that  health  lienefits  resulting  from  its 
judicious  use  in  certain  selected  nmiinstniices  may  exceed  sncli  hazards 
present  in  terms  of  carcinogenicity  for  man.  This  topic  is  addressed 
specifically  in  Concludon*  on  Specif*  Pcnticidc*  (pp.  47CM72)  and 
(lenacil  Vondmhn*  (p.  478). 

CITR14  KKKRtlK NCRS 

< M Nt.rMi.ttJU  J..  Oiuboxs,  P..  an»l  Tu»k.  It.:  lYstkMe*.  CArmfctf  tTrrf. 
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ff  I Ixxm,  J.  H.  M . t’lM^  It.  >1 . Vaiuuo.  M.  Cl..  l*ttmcmt,  l.  Kisimtx,  V, 
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Tur  Evaluation  of  Carcinogenic  Hazards 

The  Technical  Panel  on  Carcinogenesis  first  considered  factors  in* 
volvcd  in  the  evaluation  of  carcinogenic  hazards  of  environmental 
agents,  particularly  pesticides. 

An  important  mode  of  widespread  human  exposure  to  pesticides  is 
through  foods,  and  criteria  established  for  the  evaluation  of  carcino- 
genic hazards  of  food  additives  are  applicable  to  pesticide  residues. 
Additional  criteria  have  to  be  applied  for  the  control  of  other  modes 
and  sources  of  exposure  by  other  routes  (skin,  inhalation,  occupat  ional 
exposure). 

The  Technical  Panel  on  Carcinogenesis  has  reached  the  following 
positions: 

1.  The  presence  of  carcinogenic  substances  (of  both  synthetic  and 
natural  origin)  in  food  might  be  ft  significant  factor  in  the  occurrence 
of  what  is  commonly  referred  to  as  “spontaneous*’  cancer  in  man  and 
animals.  Thus,  an  important  objective  in  cancer  prevention  is  the 
elimination,  or  reduction  to  a minimum  achievable  level,  of  all  sub- 
stances in  (he  diet  of  man  proven  to  be  carcinogenic  in  either  man  or 
animal, 

2.  Since  the  effects  of  carcinogens  on  target  tissues  leading  to  tumor 
formation  appear  irreversible,  with  accumulation  of  effects  over  ex- 
tended periods  of  exposure,  the  ix duct  ion  of  exposure  to  carcinogenic 
substances  to  the  lowest  pivcticable  level  may  be  one  of  the  most  effec- 
tive measure*  towards  cancer  prevention, 

3.  Many  different  factors  may  influence  dose-res|>onse  in  carcino- 
genesis in  man  and  animals.  Their  complexity  is  such  that  no  assuredly 
safe  level  for  carcinogens  in  human  food  can  be  determined  from  ex- 
perimental findings  at  the  present  time. 

Oeneral  principles  and  criteria  for  evaluation  of  carcinogenic  haz- 
ards have  been  laid  down  by  several  expert  committees  convened  in  the 
last  15  years  by  scientific  and  public  health  agencies  such  as  the  World 
Health  Organization,  and  Food  and  Agricultural  Organization  (/,  g, 
J,  d),  the  International  Union  Against  Cancer  ((?.  7),  the  Nations! 
Academy  of  Sciences — National  Research  Council  (£)«  the  Kurojiean 
Committee  on  Toxicity  (Kurotox)  (9.  10) , and  the  Food  and  Drug 
Administration  Committee  on  Protocols  for  Safety  Evaluation  (//). 
Recommendations  made  in  these  reports  express  a remarkably  unani- 
mous view  on  the  general  principles  and  criteria  to  lie  followed  for 
carcinogenesis  safety  evaluations,  widely  acceded  in  principle  by  the 
scientific  comunity  (ff,  IS). 


Testing  procedures 

(letiei-al  Acquirements  for  testing  procedures  have  been  outlined  in 
the  past  (J,  7,  tS’,  II).  They  can  be  summarized  as  follows: 

1.  Identify  of  tested  materials. — Purity,  stability,  chemical  and 
physical  characteristics,  and  source  of  the  sample  to  be  tested  should  be 
established.  Selection  of  materials  to  bo  tested  should  emphasize  the 
substances  and  formulations  to  which  human  populations  aiv  exposed, 
which  is  tu  say,  the  materials  should  represent  as  cloidy  as  possible 
those  with  which  the  populations  come  into  contact. 

2.  Animat* *.* — The  s|>ecies  most  practical  for  testing  are  rats,  mice, 
and— as  more  recently  shown — hamsters.  Strains  and  colonies  should 
be  selected  to  provide  adequate  sensitivity  to  tumor  induction,  as  re* 
vealed  by  positive  control  tests  with  known  carcinogens.  Their  spon- 
taneous tumor  incidence  should  be  recorded.  Treatment  should  begin 
when  the  animals  are  young;  the  animals  should  be  kept  as  free  as 
possible  from  infectious  diseases  and  parasites. 

3.  Route  of  administt'otion. — Experience  since  1959  has  failed  to 
validate  the  use  of  other  than  the  oral  route  of  administration  for  the 
routine  examination  of  food  additives:  however  other  modes  of  admin- 
istration should  be  used  for  studies  which  are  intended  to  assess 
carcinogenicity  of  pesticides  entering  the  human  population  by  other 
routes, 

4.  Xumber  of  animals.— The  number  of  animals  in  each  test  group 
should  be  sufficient  throughout  the  tests  to  yield  statistically  significant 
results.  It  is  important  to  stress  that  the  detection  of  positive  results  in 
these  bioassays  depends  on  the  development  of  tumor  incidences  sig- 
nificantly above  the  threshold  of  detectability  for  a given  number  of 
animals.  Any  carcinogenic  effect  below  these  levels  will  not  be  detected 
by  the  bioassays  used.  For  example,  when  a tero  incidence  is  observed 
in  controls,  negative  results  on  100  test  animals  at  a high  dose  level 
only  establish  with  a 95  percent  confidence  that  the  incidence  does  not 
exceed  3 in  100  under  the  conditions  of  the  test. 

A.  Maintenance  and  diet*  of  the  animats.— A]\  of  these  experimental 
conditions  should  lie  controlled,  frequently  monitored,  and  adequately 
reported. 

0.  Pathologic  evaluation.— ll  is  recognized  as  essential  that  a com- 


* Tbo  in  of  ooorodoai  tptefe*,  rtcoAMtiM  l»  tbo  Hrikt  roporta,  hu  i«v  kNi  nV 
•tifettilly  droppod.  A HttiUi.  practical  lofttodfit  ipwirt  «iiM  bo  tNfil  tot  It  It  lot 
aratlabte  at  tbM  Urn*.  CarrfaoftakUr  tola  of  foodborae  poitHdoa  rtqalro  roatlao  Itfetf** 
foodlaf  of  tbtak*’  oorpooad*,  Wbtlo  dot*  hart  boot  «»pJ«rrd  for  tnta  of  cardaofraMtj. 

*1tb  Ootf roftbr  MCffM  1 1 Moctod  fivi  (bladder  cardoofeiWtj  of  aromatic  a«l»oi).  tbo 

r^almidt  of  lifetJjoo  frtdUf  ■•lot  tbta  apodet  too  ctpoftilrr,  U tonal  of  HM  tod 
food*,  to  bo  wHord  rooUadf. 


piece  post-mortem  examination  be  performed  on  all  animals  by,  or 
under  the  supervision  of,  scientists  trained  in  pathology  and  familiar 
with  the  diseases  of  laboratory  animals,  particularly  tumors.  As  a 
minimum,  all  organs  showing  suspect  macroscopic  lesions  should  be 
examined  histologically.  Certain  organ  systems  require  special  tech- 
niques, such  as  distention  of  the  urinary  bladder  with  a fixative.  Tu- 
mors should  be  classified  according  to  recognized  standards  for  car- 
cinogenesis studies. 

Evaluation  of  experimental  animal  tumors  should  be  made  by 
pathologists  with  full  knowledge  of  the  biological  behavior  of  the 
tumors  in  the  animal  strain  under  study.  All  tumors  that  metastasize 
are  considered  malignant.  However,  many  malignant  animal  tumors 
have  little  tendency  to  metastasize.  The  evaluation  of  their  benign  or 
malignant  nature  depends  largely  upon  their  histologic  diaracteris- 
tics.  In  some  cases  it  is  not  possible  to  diagnose,  on  the  basis  of  mor- 
phologic grounds  alone,  whether  a tumor  :s  malignant  or  benign.  In 
such  cases,  transplantation  studies  and  knowledge  of  the  life  history 
of  the  tumor  type  under  consideration  may  provide  additional  diag- 
nostic help.  However,  the  majority  of  the  Panel  recognizes  that  benign 
tumors  may  become  malignant.  The  Panel  is  unaware  of  the  existence 
of  any  chemical  which  is  capable  of  inducing  benign  tumors  only, 
which  is  to  say,  in  the  light  of  present  knowledge,  all  tumorigens  must 
be  regarded  as  potential  carcinogens.  Thus,  the  majority  of  the  Panel 
accepts  tumorigenicity  as  an  index  of  potential  carinogenicity. 

Interpretation  of  thx  r&utt*  and  validity  of  animal  test* 

Interpretation  of  results  of  bioassays  on  a test  material  includes 
consideration  of  the  accuracy  and  significance  of  (be  experimental 
studies,  i.e,,  experimental  design,  details  of  information  on  test  mate- 
rials, dosage,  route  of  administration,  metabolism,  excretion  and  re- 
tention, controls  (positive  and  negative),  experimental  animals  and 
methods,  survival,  description  and  lime  of  appearance  of  toxic  and 
pathologic  effects,  number,  type,  and  individual  distribution  of  tumors. 

Extrapolation  from  animal  data  to  man . — The  evaluation  of  car- 
cinogenic hazards  for  man  is  based  on  a judgment  of  all  available  in- 
formation: on  bioassay,  on  toxicologk,  metabolic,  and  pharmacologic 
studies,  on  the  extent  and  route  of  exposure  of  man,  and  on  epidemio- 
logic studies.  Each  compound  must  be  evaluated  individually  on  the 
basis  of  all  data  on  its  use  and  effects  including  whether  residues  may 
occur  as  a result  of  use  of  the  particular  compound,  the  nature  of  its 
metabolites  in  man,  thi  storage  or  retention  and  excretion,  etc.  Hie 
position  of  this  Panel  is  that  the  different  qualitative  and  quantitative 


responses  of  various  animal  species,  including  man,  to  carcinogens 
make  meaningful  extrapolation  from  “no-effect”  levels  in  dose-response 
studies  in  animals  to  man  currently  impossible.  (See  appendix  C). 

In  brief  summary:  (1)  Food  additives  and  contaminants  should 
only  be  permitted  if  evidence  is  provided  of  no  carcinogenic  effect  after 
adequate  long-term  bioassays.  The  minimum  requirements  for  such 
bioassays  should  inctude : Adequate  numbers  of  animals  of  at  least  two 
species  and  both  sexes  with  adequate  j>ositive  and  negative  controls, 
subjected  for  their  lifetime  to  the  feeding  of  a suitable  dose  range  of 
the  test  material,  including  doses  considerably  higher  than  would  be 
present  in  food;  (2)  any  substance  which  is  shown  conclusively  to 
cause  cancers  in  animals,  when  tested  under  these  conditions,  should 
be  considered  potentially  carcinogenic  for  man  and  therefore  not 
innocuous  for  human  consumption.  Tests  which  yield  benign  tumors 
will  nevertheless  raise  the  level  of  suspicion. 
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Conclusions  on  Specific  Pi^mciDte 

The  Panel  has  examined  the  data  available  to  it  on  the  tumorigenic- 
ity  of  pesticides  in  animals.  These  data  have  been  reviewed  on  the  basis 
of  the  principles  stated  in  The  e valuation  of  carcinogenic  hazards  of 
this  chapter  and  the  specific  criteria  which  follow. 

The  Panel  reviewed  relevant  reports  and  considered  ns  acceptable 
data  on  bioassays  only  those  which  included  the  following 
information: 

1.  Number,  drain,  and  sex  of  the  animals  used ; 

2.  Biometrically  adequate  numbers  of  test  animals  and  controls; 

8,  Adequate  period  of  observation  (at  least  18  months  in  the  CAse 

of  rodents) ; 

4.  Evidence  of  pathologic  examination  of  the  animats  and  of 
classification  of  the  observed  tumors; 

5.  Definition  of  the  materials  tested,  thei . mode  of  administration 
and  dose; 

6.  Evidence  that  the  dose  levels  tested  included  one  near  the  maxi- 
mum tolerated  level,  in  the  case  of  negative  reports; 

7.  Evidcrce  that  the  experimental  conditions  (e.g,,  selection  of 
animals,  age  at  start)  provided  a sufficient  sensitivity  to  detect 
tumorigenic  activity  if  present. 

For  each  pesticide,  the  Panel  reached  one  of  the  following 
judgments: 

A.  "Not  positive. — Data  acceptable,  testing  adequate,  results 
judged  negative  for  tumor  induction  in  af  least  two  species.” 

lb  "Positive.— Data  acceptable,  testing  adequate*  results  judged 
positive  for  tumor  induction  in  one  or  more  sjiecies  and  sig- 
nificant at  the  0.01  level.*' 


C.  “ Evidence  insufficient  to  judge,— Additional  data  needed  3 ac- 
cording to  t lie  following  priorities: 

Priority  group  Cl, — Tumor  incidence  significant  at  the 
0.01  level  but  compound  concluded  to  be  less  active 
than  the  mean  of  a group  of  positive  controls  em- 
ployed in  the  screening  operation. 

Priority  gf'oup  CJ, — Tumor  incidence  significant  at  the 
0.02  level  but  compound  concluded  to  be  less  active 
than  a group  of  jmsitive  controls  employed  in  the 
screening  operation. 

Priority  givup  C3.— Tumor  incidence  increased  in  com- 
parison with  the  negative  controls  but  statistical  sig- 
nificance was  less  than  0.02, 4 possibly  because  too 
few  animals  were  observed. 

Priority  group  Cl, — Tumor  incidence  not  elevated  in  ade- 
quate studies  conducted  in  one  species  only  but  cur- 
retd  guidelines  require  negat:ve  results  in  two  animal 
secies  for  judgments  of  negativity.” 

D,— “Information  available  is  insufficient  to  justify  any  comment” 


On  the  basis  of  the  foregoing  criteria  the  pesticides  have  been  as- 
signed to  the  following  categories.  In  this  respect,  it  should  be  noted 
that  a judgment  of  “not  positive’  for  tumor  induction  does  not  con- 
stitute assurance  that  the  specific  compound  is  entity  lacking  in 
carcinogenic  potential. 

The  recommendations  relevant  to  each  category  constitute  the  best 
judgment  of  the  Panel,  based  upon  available  data. 

A,— Compound* *  judged  Hnof  posit  ire”  for  tumor  induction  on  the 
basis  of  tests  conducted  adequately  in  t\ro  or  more  species, 

IRcfWcrrd  lex  os*  on  bod  croc*  1 

N*tt*  R'JmncH  Specks 

CMorptopham  (CIPC).. * 1.2  Rat,  mouse. 

Rotonone * 2,3  Mouse,  tat. 

Scvin  (Carbary!) . 2,4  Do. 


(RnWmd  tat  do*  fot  on  bod  croc*  *-Nooc1 

* Tfcb  tnbnsftUoa  rwpert  I#  pCftlridH  In  Citcfortrt  A,  B.  Cl  threofti  Cl  prtrrVkd  bf  the  Food 
and  On*  Administration. 


• fa  an;  et*c*  thin  will  retire  conduct  t4  iddltlotil 

* A *UUMkt1  *lt»1&e*oec  of  O M i«  rreattr  ttaa  0 05  i&d  lew  UtaO.01 
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It  is  t'ecommcndcd  that  no  action  be  taken  to  alter  current  practices 
with  respect  to  the  pesticides  in  this  category,  “A”, 

B . — Compounds  judged  positive"  for  tumor  induction  on  the  basis 
of  tests  conducted  adequately  in  one  or  more  species , the  results  being 
significant  at  the  OBI  level. 

(Reftstered  for  cue  on  food  crops) 


Ntmo 


References 


Specks 


Aid  r in 

Art  mite 

CM  oro  ben  til  a to 
Pjp’-DDT 

Die!  dr  in 

Mi  rex 

Strobane 

HepUchtor  f- . . 


5 Mouse. 

2,6  Mouse  dog. 
2 Mouse. 

2,  7,i  8 1 Do. 

5 Do. 

2 Do. 

2 Do. 

9,  10  Do. 


I Re% leered  but  not  for  use  cm  food  crops} 


Atoilrole 2 Mouse. 

Avadex  (DUlUte) 2 Do. 

Bis(2-chloroethyl)  ether 2 Do. 

N-(2-hydroxyethyl) -hydra  line 2 Do. 

PCNB 2 Do. 


' Sopoortits  trkfooo*. 

■ Ass%txd  to  tail  rroop  bscsoss  ft  meUbotie  product,  heptsebfor  rooikk.  m fodrsd  posHite  for  lamer 
Induct  too,  resales  bnr*  UftUflcaril  U tbs  o.Ot  IstsI. 

It  m recotnmendtd  that  the  exposure  of  human  beings  to  pesticides 
in  this  category  “B”  be  minimised  and  that  use  of  these  pesticides  lie 
restricted  to  those  purposes  for  which  there  are  judged  to  be  advan- 
tages to  human  health  which  outweigh  the  potential  hazard  of  car- 
cinogenicity. In  making  this  recommendation,  the  Panel  has  taken 
cognizance  of  the  difficulties  inherent  in  and  resulting  from  its  imple- 
mentation. Accordingly,  the  following  comments  and  observations  are 
intended  for  consideration  in  interpreting  this  recommendation. 

The  case  of  DDT  deserves  special  comment  because  of  its  prominent 
place  in  the  pesticides  armamentarium  and  because,  in  many  respects, 
it  is  a good  illustrative  example.  It  is  a substance  which  has  con- 
tributed and  could  contribute  important  health  benefits.  It  is  also  a 
substance  which  is  widely  used  and  with  which  we  have  now  accumu- 
lated substantial  experience  and  knowledge.  Indeed,  our  knowledge  of 
the  biological  effects  of  DDT,  inadequate  though  it  still  is  for  wholly 
reliable  judgment  of  safety,  far  outstrips  that  of  any  other  insecticide 
of  this  type. 
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Tho  evidence  for  the  carcinogenicity  of  DDT  in  experimental  ani- 
mals is  impressive  and  the  Panel  takes  no  exception  to  the  conclusions 
as  to  DDT  recorded  in  the  JNCI  rci>ort  of  the  National  Cancer  Insti- 
tute study.  This  study  has  demonstrated  that  DDT  increased  the  incu 
dcnce  of  cancer  in  mice  under  the  experimental  conditions  employed. 
However,  this  does  not  prove  carcinogenicity  for  human  beings  at  the 
very  much  lower  levels  to  which  they  aw  actually  exposed , 

Since  tests  with  groups  of  laboratory  animals  comparable  in  size  to 
large  imputations  of  humans  arc  impractical,  and  because  wide  species 
differences  exist,  high  levels  of  ox|>osure  are  used.  Whether  or  not  this 
device  is  adequate  for  extrapolation  from  experimental  results  to  the 
human  situation  remains  very  uncertain,  for  research  on  induced  can- 
cer is  replete  with  examples  of  differences  in  responses  of  different 
species  to  various  carcinogens.  Furthermore  the  metabolism  of  many 
chemicals  varies  with  dosage  level. 

Evaluation  of  human  experience  with  DDT  has  revealed  little  if 
any  evidence  of  long-term  adverse  health  effects  from  its  use.  On  the 
other  hand,  the  observations  of  human  exj>enenec  have  not  l>cen  suf- 
ficient to  eliminate  the  possibility  that  continued  chronic  exposure  may 
slowly  induce  a low  level  of  cancer  in  man  (see  appendix  D). 

Accordingly,  with  (he  c rid r nee  now  in.  DDT  can  be  regarded  neither 
as  a piwcn  danger  as  a carcinogen  for  man  nor  as  an  assuredly  safe 
pesticide f suspicion  has  been  aroused  and  it  shoutd  be  confirmed  or 
dispelled. 

In  the  resolution  of  this  issue,  mere  re|>etition  of  the  tests  conducted 
at  Hioneties  Research  laboratories  would  bo  of  only  limited  value. 
Of  greater  im|x>rtance  will  bo : 

1.  Studies  conducted  on  several  animal  s|K*cies, 

2.  A much  more  critical  study  of  human  exiiericnce, 

3.  Development  of  knowledge  relative  to  comparative  metabolism 
and  factors  controlling  dose  *re$|  muse  ielationshi|>s  which  may 
reinforce  and  improve  ability  to  extrapolate  from  the  findings 
of  animal  studies  to  man, 

4.  Studies  on  very  large  groups  of  animals,  at  a range  of  dose 
levels  including  those  comparable  to  human  ex|>osiitT, 

6.  Evaluation  of  interaction  of  or  |x>feiitiatioii  of  DDT  with  or 
by  other  materials,  and 

6.  Studies  of  the  tumorige unity  of  DDT  administered  to  several 
successive  generations  of  one  or  more  animal  species,  (The 
Pcnel  is  aware  that  studies  of  this  nature  have  been  initiated.) 

In  planningand  assessing  this  additional  work,  consideration  should 
be  given  to  such  factors  as  exposure  to  other  similar  or  enacting  ma- 
terials and  other  routes  of  exposure. 


It  is  the  opinion  of  the  Panel  that,  in  view  of  the  important  benefits 
arising  from  the  use  of  DDT,  the  current  evidence  is  not  sufficient  to 
justify  unqualified  banning  of  the  insecticide.  On  the  contrary,  the 
benefits  from  its  use  in  the  control  of  a number  of  insect-borne  dis- 
eases, such  as  malaria  and  typhus,  probably  outweigh  the  possible  dan- 
gers of  carcinogenesis  from  its  use. 

However,  suspicion  of  danger  is  present  and  prudence  requires  that: 

(1)  Usage  be  reduced  by  restricting  it  to  high-priority  applications 
until  more  decisive  information  can  be  developed;  (2)  meanwhile  the 
issue  must  be  clarified,  as  noted  above,  while  (3)  at  the  same  time 
alternates  for  DDT  should  be  sought.  In  the  latter  endeavor  a warning 
must  be  urgently  sounded  that  a replacement  not  be  accepted  which, 
being  new  and  poorly  studied,  may  yet,  in  fact,  be  more  dangerous 
than  DDT. 

The  high  priority  uses  which  should  continue  include  sucli  examples 
as  the  control  of  malaria  and  typhus  where  these  are  major  public 
health  problems.  Normal  agricultural  and  nonessential  mosquito  con- 
trol usage  should  be  abandoned  as  soon  as  possible. 

Rut,  discontinuance  of  such  lower  priority  DDT  usage  will  by 
no  means  immediately  eliminate  DDT  or  other  persistent  pesticides 
as  contaminants  of  our  foodstuffs.  DDT  is  now  a contaminant  of  crop- 
producing  soils  and  of  water  in  many  parts  of  the  country.  Although 
this  contamination  wilt  decrease  villi  time,  and  realistic  means  for 
acceleration  of  its  disappearance  must  be  sought,  trace  contamination 
of  the  American  diet  with  DDT  will  continue.  With  the  presently 
high  levels  of  sensitivity  of  analytical  detection  it  can  be  anticipated 
that  such  trace  contamination  will  be  detectable  in  a very  significant 
part  of  the  foods  making  up  the  American  diet  for  some  years  to 
come.  Accordingly,  strict  interpretation  of  present  legislation  would 
present,  through  rejection  of  a major  part  of  our  food  sources,  a far 
worse  health  hazard  than  the  uncertain  carcinogenic  risk  of  these 
trace  amounts.  In  short,  we  should: 

(1)  Now  reduce  food  residues  through  elimination  of  the  use  of 
DDT  and  DDD  in  food  production, 

(2)  Reduce  contamination  of  soils  and  water  insofar  as  possible, 

(3)  Not  deny  a major  food  need  to  our  country  because  of  the 
detection  of  trace  quantities  of  DDT  resulting  from  previous 
use  of  this  pesticide. 

(7. — Compound*  on  i thkh  additional  data  art  needed, — Pesticides 
are  listed  in  groups  which  are  arranged  according  to  priorities  for 
additional  testing.  These  priorities  have  been  established  on  the  basis 
of  the  Panels  judgment  of  significance  of  the  available  data  indicating 
tumorigenic  potential;  additional  priorities  could  be  establishedon  the 


extent  of  use  of  the  compounds  or  on  their  structural  relationships  to 
known  chemical  carcinogens. 

Priority  group  Cl . — The  following  compounds  yielded  an  increased 
tumor  incidence  significant  at  the  0.01  level  but  were  considered  less 
tuinorigenic  than  the  mean  of  a group  of  positive  controls.  These  coin- 
pounds  have  first  priority  for  additional  testing. 

iRffislertd  lor  use  on  food  crop*) 


Ntme 


Reference  Bpoctes 


p,p'.-DDD 2 Mouse. 

Monuron 2 Do, 

Per  thane 2 Do. 

Piperonyl  butoxide 2 Do. 

Piperonyl  sulfoxide 2 Do. 


(RejbUred  bat  uotforoNM  food  crop*) 


Aiobeniene. 

ccc 

ChloraniL*. 
Cyanamldc. 
Vanelde  BL. 
Zee  Iran. 


2 Mouse. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 


Priority  group  C2.~ The  following  compounds  yielded  an  increased 
tumor  incidence  significant  at  the  0.02  level.  Similarly,  they  were 
concluded  to  be  less  tumorigenic  than  the  mean  of  the  same  group  of 
{KKitive  controls.  These  compounds  have  second  priority  for  addi- 
tional testing. 


Hum 


(R«ffcUr*d  foQMM  food 


IMrtfien  Sptdct 


Biphenyl 2 Mouse. 

Cap  tan 2 Do 

apty-rkhloro-i-nitroaniline1 2 Do. 

GlbbereWe  Arid 2 Do. 

2-Merraptobeniothlarole  (CapUx) 2 Do. 

Ovex  (Cblorfeason) 2 Do. 


| ftaflrtorftl  btlMIbruiM  fbod  crop*} 


G«nlt«-RW 2 Mouse, 

I PC  (Proptmm) 2 Do. 


» AtUrt  Intrt  Jlrnt  la  lb  fenaabUoa  Md  u Mru  N ito  B«Uia  la  priority  troop  Cl. 


Priority  group  CS . — The  following  compounds  yielded  an  increased 
tumor  incidence  in  comparison  with  the  negative  controls  but  the  level 
of  significance  was  less  than  0.02,  possibly  because  too  few  animals 
were  observed.  These  compounds  have  third  priority  for  additional 
testing. 


[Registered  for  use  on  food  crops) 


Name 


References  Species 


<x-(2,4-Dlchlorophenox>)  propionic  acid 2 Mouse. 

2-(2,4-DP) 2 Do. 

2,4- D Isopropyl  ester 2 Do. 

n-Propyl  isome 2 Do. 

Pyrethrin 11  Rat. 

Zineb 12,  13  Do. 


[Registered  but  not  for  use  on  food  crops) 


1- Naphthalene  acetamide 2 Mouse. 

2- (2,4,5-Trichlorophenoxy)  propionic  acid 2 Do. 


Triphenyltin  acetate  belongs  in  this  group  but  is  not  registered  as  a 
pesticide.  However,  Triphenyltin  hydroxide  is  a pesticide  registered 
for  use  on  both  food  and  nonfood  items.  Triphenyltin  hydroxide  was 
not  tested  for  carcinogenicity. 


Nune 

Reference  Species 

Triphenyltin  acetate 

2 Mouse. 

Priority  group  04. — The  following  compounds  were  tested  appro- 
priately in  one  species  only  and  judged  not  positive  in  that  species. 
However,  current  guidelines  for  testing  require  negativity  in  two 
species.  These  compounds  have  fourth  priority  for  additional  testing. 


O 

ERLC 
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1 Registered  for  use  on  food  crops] 


Name 


References  Species 


Atrasine...* *, 

Botran 1 

Butaclde  7 

2,4-D 

2,4-D  Butyl  ester 

2,4-D  Isooctyl  ester 

Dehydroacetic  acid 

Dichlone 

Diuron 

Dodine 

Orthophenylphenol 

Endosulfan 

Ferbam 

Folpet 

Glyodin 

Maleic  hydrazlde 

Maneb 

Methoxychlor 

Methyl  Zimate  (Zirarn) 

Nabato 

Phenothlaxine 

Planofix:  N.A.A 

Propazine 

Simaztne 

Tetradifon 

Thluram  (Thiram) 

Tillam-6-E 


2 Mouse. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 

14,  15  Rat. 

2 Mouse. 

2 Do. 

16  Rat. 

2 Mouse. 

2 Do. 

17  Rat. 

2 Mouse. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 

2 Do. 


iRegtstered  but  not  for  use  on  food  cropaj 


ANTU 2 Mouse. 

Cacodylic  acid.  2 Do. 

Copper  8-Hydroxy  quinoline 2 Do. 

Dicryl - 2 Do. 

Diphenatrile .. 2 Do. 

Dowcide-7  * 2 Do. 

Hercules  7531  (Norea) 2 Do. 

Isolan 2 Do. 

Karathane.. 2 Do. 

Pma;  Phenyl  mercuric  acetate 2 Do. 

2 -Sec. -butyl- 4,  6-dinitrophenol 2 Do. 

2,4, 6-T 2 Do. 


1 Botran.  Compare  with  active  Ingredient  2-6-DlchIoro-4-Nltroaniline  which  has  been  assigned  to  priority 
group  C2. 

1 Butaclde.  Compare  with  active  Ingredient  plperonyl  butoslde  which  has  been  assigned  to  priority 
group  Ch 

* While  Dowcide-7  Is  registered  for  nonfood  uses,  Its  use  in  food  containers  and  packaging  materials  Is  per- 
mitted under  registration.  Wooden  fruit  (berry)  boxes  may  contain  up  to  SO  ppm. 
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It  is  recommended  that: 

1.  Pesticides  in  Priority  Group  Ct  be  immediately  subjected  to  addi- 
tional testing  for  tumorigenieity  and  that  human  exposure  to  all 
sources  of  these  pesticides  be  restricted  to  a minimal  level  until  the 
results  of  such  additional  testing  permit  development  of  judgments 
as  to  probable  hazard  to  man. 

2.  Exposure  of  the  general  population  to  food  sources  of  the  pesti- 
cides in  Priority  Groups  C%  and  C3  be  reduced  as  much  as  possible 
pending  the  conduct  and  evaluation  of  additional  testing  of  tumori- 
genicity.  Exposure  of  occupational  groups  should  be  minimized  in 
respect  to  all  modes  of  contact  with  these  pesticides  pending  comple- 
tion of  *>uch  studies. 

3.  Pesticides  in  Priority  Group  CJj  be  the  subject  of  a thorough 
search  for  additional  information  in  the  very  near  future,  and  such 
additional  studies  as  may  then  be  needed  to  meet  the  criteria  for  judg- 
ments of  safety  be  conducted.  Until  further  search  for  information 
reveals  a cause  for  suspicion  of  potential  carcinogenicity,  110  interim 
action  to  modify  current  use  practices  in  this  Priority  Group  is 
indicated. 

(It  should  be  noted  that  the  basis  for  the  differences  in  priorities  for  Groups 
Cl,  C2,  and  C3  is  the  tumorigenlc  potency  of  the  compounds  as  revealed  in  the 
animal  test  systems.) 

D, — Available  information  insufficient  to  justify  comment  in  any 
respect. 

All  pesticides  not  listed  in  one  of  the  above  groups  (A,  B,  Cl,  Cfc, 
C3,  C4)  are  assigned  to  this  category  (D)  until  reports  can  be  located 
and  appropriate  judgments  made,  as  indicated  below. 

It  is  recommended  that  responsibility  for  continuing  the  search  for 
and  evaluation  of  reports  on  pesticides  in  this  category  be  assigned  to 
a duly  appointed  body  of  scientists  which  would  have  full  access  to  the 
files  of  Federal  agencies  concerned  with  regulation  of  pesticides  use, 
and  which  would  seek  the  cooperation  of  the  chemical  industry  to  ob- 
tain such  additional  information  os  its  members  may  have  accumu- 
lated on  this  topic.  Following  completion  of  such  search  and  evalu- 
ation, it  should  be  the  responsibility  of  the  appointed  body  of  scientists 
to  assign  further  priorities  for  study  and  regulatory  action  with 
respect  to  each  pesticide. 

It  is  further  recommended  that  the  existing  agencies  of  the  Federal 
Government  which  are  concerned  with  the  regulation  of  pesticides 
use  take  immediate  steps  to  require  orderly  testing  of  tuinorigencity 
of  pesticides  listed  in  groups  Cl  through  C4  above.  The  concept  of  a 
‘‘grandfather  clause”  exemption  from  testing  may  be  justifiable  in 
respect  to  the  hazards  of  inducing  reversible  disease.  It  is  not  justifi- 
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able,  however,  in  respect  to  the  hazards  of  inducing  diseases  which 
are  not  reversible,  especially  where  the  latent  period  is  very  long  and 
the  hazard  may  go  unrecognized.  Cancer  is  one  of  those  diseases. 
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General  Conclusions 

1.  Use  practices — regulation  in  respect  to  potential  hazards  of 
carcinogenicity 

Although  cancer  is  only  one  of  many  possible  toxic  responses  to 
noxious  chemicals  in  food,  certain  characteristics  of  this  disease  re- 
sponse justify  its  separate  consideration.  These  characteristics  include : 

a . A generally  slow,  prolonged,  and  covert  development; 

h.  Essential  irreversibility  of  the  lesions  once  the  malignancy  de- 
velops; and 

r.  The  present  uncertainty  in  making  reliable  predictions  of  cancer 
hazard  for  man  by  laboratory  tests. 

Accordingly , it  is  recommended  that  the  use  of  any  amount  of  a 
potential  carcinogenic  5 pesticide,  such  that  a food  residue  results,  be 
allowed  only  if: 

а.  Health  values  to  the  public  are  such  that  banning  the  use  would 
itself  constitute  a more  certain  detriment  to  public  health,  and  if 

б.  No  adequately  proven  noncarcinogenic  alternative  is  available. 

In  this  regard,  the  recommendations  for  action  on  pesticides  in 

Group  B (Conclusions  on  Specific  Pesticides,  pages  470-472  of  this 
document)  arc  in  need  of  urgent  attention. 

When  the  complete  ban  of  use  of  a carcinogenic  5 pesticide  proves 
impossible  for  these  reasons,  its  use  should  be  reduced  to  the  minimum 
possible  extent  compatible  with  its  benefits  for  public  health,  and  non- 
carcinogenic substitutes  should  be  actively  sought.  The  public  should 
be  informed  of  the  potential  hazards  resulting  from  exposure  to  the 
compound. 

In  seeking  substitutes  for  potentially  carcinogenic  pesticides  prefer- 
ence should  be  given  to  the  less  persistent  candidates,  provided  they  do 
not  present  other  more  immediate  and  serious  hazards.  All  other  fac- 
tors being  equal,  the  degradable  pesticides  are  regarded  as  less  haz- 
ardous in  respect  to  carcinogenicity  than  the  persistent  pesticides. 

2.  Hazards  ( Carcinogenicity ) evaluation — routine  testing  practices 
for  regulatory  purposes 

Some  pesticides  which  leave  residues  in  foods  have  been  tested  for 
tumorigenicity;  others,  to  the  knowledge  of  the  Panel,  have  not.  The 
methods  employ  ed  in  the  studies  examined  by  the  Panel  vary  substan- 
tially in  their  quality  and  reliability;  some  of  the  tests  conducted  must 
bo  concluded  to  be  inadequate. 


6 Carcinogenic  to  animal  species  but  not  proven  to  be  carcinogenic  for  man. 
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Testing  of  chemicals  for  tumor igenicity  by  present  methods  is  expen- 
sive and  slow,  There  is  a need  for  an  augmented  effort  to  develop  more 
efficient  systems  of  predicting  human  response  to  chemical  substances 
in  respect  to  carcinogenicity,  Such  systems  must  be  examined  for 
relevance  and  reliability  by  comparing  their  predictive  performances 
with  actual  human  experience,  Judgment  as  to  potential  carcinogenic 
hazard  must  take  into  account  not  only  the  laboratory  tests  but  all 
other  relevant  information,  including  experience  of  lnimans  exposed 
to  these  or  related  compounds.  Existing  epidemiologic  data  in  respect 
to  carcinogenicity  of  pesticides  arc  scant.  The  observations  of  which 
the  Panel  is  aware  have  been  limited  to  small  groups  of  people  who 
have  been  observed  for  relatively  short  segments  of  the  human  life 
span.  Such  studies  do  not  provide  a basis  for  final  assessment  as  to 
safety  or  carcinogenic  hazard  of  pesticides.  (The  needs  for  epidemio- 
logic studies  are  discussed  more  fully  in  appendix  IX)  Once  tolerances 
are  established  for  individual  pesticides  and  these  pesticides  are  ap- 
proved for  use,  surveillance  of  human  populations  should  be  under- 
taken on  a continuing  basis  to  verify  earlier  predictions  as  to  safety, 

Accordingly , it  is  recommended  that: 

cu  All  existing  i>esticides  whose  use  may  leave  residues  on  consum- 
able food  be  subjected  to  tumorigenicity  tests  performed  according 
to  the  guidelines  discussed  in  The  Evaluation  of  Carcinogenic  Hazards 
of  this  chapter. 

h . Approval  to  use  new  pesticides  which  may  leave  residues  on  con- 
sumable food  be  conditional  upon  prior  testing  for  tumorigenicity 
according  to  the  guidelines  discussed  in  The  Evaluation  of  Carcino- 
genic Hazards  of  this  chapter. 

c.  Development  of  priorities  for  testing  of  existing  pesticides  for 
tumorigenicity  be  based  upon  such  considerations  as  chemical  struc- 
ture (suggestive  of  tumorigenic  potential),  extent  and  patterns  of 
usage,  and  levels  of  residue  left  in  consumable  foods.  In  developing 
priorities  for  additional  testing,  the  finding  of  tumorigenicity  in  prior 
studies  should  be  given  close  attention.  On  this  basis,  the  pesticides 
listed  in  priority  group  Cl  of  this  document  merit  prompt  action. 

d . Research  to  develop  more  efficient  laboratory  methods  of  pre- 
diction of  carcinogenicity  of  pesticides  for  man  be  augmented 
substantially. 

e.  The  predictive  reliability  of  laboratory  methods,  both  existing 
and  those  to  be  developed,  be  corroborated  as  completely  as  possible 
by  comparison  of  the  predictions  with  human  experience. 
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/.  A surveillance  network  of  epidemiologic  studies  of  carcinogen- 
icity of  pesticides  in  man  be  established  and  that  special  attention  be 
directed  to  populations  experiencing  high  levels  of  pesticide  exposure 
(see  appendix  I>  of  this  chapter). 

3.  Availability  of  information 

The  reports  of  tests  of  the  tnmorigenicity  of  pesticides  are  scattered 
among  several  sources  and  have  been  difficult  to  assemble  for  review. 
In  the  interest  of  efficiency  and  effectiveness  of  future  efforts  there  is 
a need  for  development  of  an  information  system  capable  of  respond- 
ing promptly  and  completely  to  individual  requests. 

Accordingly , it  is  recommended  that  reports  of  tnmorigenicity  test- 
ing be  made  available  on  request  by  the  establishment  of  a Government 
clearinghouse  and  repository  for  the  complete  test  data.  Tli  Govern- 
ment agency  should  then  be  required  to  publish  a listing  which  will 
identify  these  reports,  thus  making  them  accessible  for  review.  In- 
cluded should  be  the  scientific  basis  on  which  decisions  were  made  to 
register  a pesticide  and  to  establish  tolerances.  It  is  further  recom- 
mended  that  there  be  established  a standing  committee  of  advisers  to 
the  Secretary  to  oversee  the  operation  of  this  facility  and  to  insure 
continuing  re-evaluation  of  all  extant  information  on  the  health 
hazards  of  pesticides,  and  other  related  matters. 

4,  Legislative  needs 

The  deliberations  of  the  Panel  have  disclosed  disturbing  gaps  and 
disparities  in  the  present  regulatory  laws  aimed  at  insuring  safety  of 
the  public  (and  occupational  groups)  from  chemical  exposures.  Thus, 
although  the  pesticide  and  the  food  additive  legislation  provide  for 
reasonably  detailed  and  thorough  testing  and  safety  assessments,  the 
Hazardous  Substances  Act  covers  only  some  household  products  and 
deals  very  inadequately  with  long-term  effects,  such  as  cancer.  Some 
materials  arc  inadequately  covered  by  existing  legislation  and,  for 
all  practical  purposes,  receive  cursory  examination  or,  indeed,  may 
escape  review  entirely.  In  addition,  the  present,  regulatory  provisions 
give  either  inadequate  or  no  consideration  to  simultaneous  human 
exposure  through  several  routes,  an  example  being  the  inhalation  of 
pesticides  by  the  home  gardener  using  spray  cans  of  the  same  or  simi- 
larly acting  compounds  and  ingesting  pesticides  in  food  and  water. 
Finally,  imposition  of  a zero  tolerance,  which  conceivably  could  occur 
as  the  result  of  an  interpretation  of  the  Delaney  clause,0  could,  in  the 
example  of  DDT,  present  a major  national  nutritional  problem.  New 
legislation  should  take  into  account  the  need  for  reconciliation  of 

aThe  Delaney  clause  of  the  Food  Additives  Amendment  of  1958  to  the  Federal  Food, 
Drug,  and  CosmeCc  Act,  Public  Law  85-920,  S5tli  Cong..  II. R.  13254.  Sept,  C,  1958. 
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public  interests,  the  implications  of  advancing  technology  which  has 
increased  the  sensitivity  of  chemical  detection  more  than  one  thousand- 
fold in  the  past  15  years,  and  the  problems  of  safety  evaluation  of 
chemicals  as  discussed  in  this  document. 

Accordingly^  it  is  recommended  that  legislation  aimed  at  protecting 
the  public  health  in  respect  to  pesticides  and  other  foreign  chemicals 
be  completely  reviewed  and  appropriately  revised  to  minimize  hazard, 
taking  due  regard  of  the  patterns  of  usage  and  the  modes  of  entry  of 
the  chemicals,  while  preserving  the  beneficial  uses  of  the  chemicals  as 
much  as  possible. 


Appendixes 
appendix  a 

A review  of  the  National  Cancer  Institute  study 1 

/.  Majonty  opinion. — In  recognition  of  the  prominent  position 
which  the  National  Cancer  Institute  Study  {/)  occupies  in  the  spec- 
trum of  efforts  to  characterize  the  carcinogenicity  of  pesticidal 
chemicals,  the  Panel  believes  it  appropriate  to  address  a few  remarks 
to  the  methods  employed  in  this  study. 

At  the  outset,  it  should  be  pointed  out  that  the  pesticides  selected 
for  study  were  not  chosen  in  a random  fashion.  Rather,  they  were 
chosen  on  the  basis  of  three  criteria:  (a)  evidence  of  toxicity,  de- 
scribed in  the  literature,  suggesting  potential  hazards  to  man; 
(£)  widespread  use  of  the  chemicals;  or  (c)  chemical  structure  sug- 
gesting possible  carcinogenicity. 

The  methods  selected  by  the  investigators  sought  deliberately  to 
maximize  the  probability  of  discovery  of  carcinogenic  potential 
possessed  by  the  chemicals  selected  for  study.  For  this  purpose,  very 
large  doses  were  employed,  in  most  cases,  and  administration  of  the 
chemical  to  the  mice  was  commenced  as  early  as  possible  after  birth 
and  continued  for  the  lifetime  of  the  animals.2 

The  test  animals  were  chosen  to  combine  identified  advantages  in 
their  parent  strains  and  thus  yield  a maximum  amount  of  information 
as  to  tumorigenieity  of  the  test  compounds.  The  numbers  of  animals 
per  group  were  sufficiently  large  to  provide  a sound  basis  for  statistical 
analysis  of  the  results.  Both  negative  and  positive  control  groups 
were  employed;  their  numbers  and  varieties  were  fully  adequate  to 
the  requirements  of  the  study.  Although  randomization  of  litter  mates 
to  groups  could  not  be  accomplished  because  the  experiments  were 


1 Conducted  at  BlonetlcB  Research  Laboratories  under  contract  Nos.  PH43-64-57  and 
PH43-67-735. 

* In  this  c^.se,  lifetime  equates  with  the  period  of  observation,  which  w as  18  months. 


initiated  in  the  preweaning  period,  a minder  of  analyses  of  the 
results  have  satisfactorily  excluded  significant  litter  effect  on  those 
results. 

Periods  of  observation  of  the  test  and  control  animals  varied  to 
an  insignificant  degree.  It  is  the  opinion  of  the  Panel  that  this  vari- 
ation is  not  a basis  for  explaining  the  differences  l>ot\veen  the  test 
and  control  groups. 

Tho  end  point  employed  in  the  study  was  rumors.  This  term  was 
used  to  include  the  benign  and  the  malignant  neoplasms  and  those  neo- 
plasms whose  malignancy  could  not  be  ascertained  on  the  basis  of  histo- 
morphology  alone.  Difficulty  in  diagnosing  malignancy  on  the  basis 
of  histomorphology  alone  was  encountered  in  respect  to  the  tumors  of 
the  liver  and  lung;  it  was  not  encountered  in  respect  to  other  tumors 
such  as  the  lymphomata.  This  use  of  the  term  “tumor,”  in  tho  opinion 
of  the  panel,  is  l>otli  useful  and  admissible  for  the  purposes  of  quanti- 
tating chemical  c a rci nogen i city  in  animals.  Its  admissibility  is  based 
upon  two  facts:  (a)  No  adequately  tested  chemical  lias  been  found  to 
produce  only  benign  neoplasms  and,  (6)  a substantial  percentage  of 
benign-appearing  tumors  in  mice  has  been  demonstrated  ultimately 
to  eventuate  in  cancer. 

A major  test  of  the  validity  of  a system  employed  as  a measure  of  the 
tumorigenicity  of  specific  pesticidal  chemicals  in  animals  is  the  con- 
sistency of  its  results  with  what  has  been  found  in  other  animal  systems 
which  have  been  and  continue  to  be  accepted  as  valid.  In  this  study 
the  test  system  responded  to  the  negative  and  the  positive  controls  in 
the  appropriate  manner.  Amor.g  the  }>ositive  controls,  the  degrees  of 
potency  revealed  in  this  study  were  in  agreement  with  earlier  findings 
in  other  systems. 

Several  questions  arise.  The  most  prominent  is  the  relevance  of 
animal  responses  to  those  of  human  beings  in  respect  to  any  given 
kind  of  noxious  agent.  The  next  question  is  the  relevance  of  findings 
experimentally  induced  in  animals  to  diseases  occurring  in  men,  not 
only  in  terms  of  the  general  conditions  of  exposure  but  also  in  terms 
of  the  exposure  levels.  These  questions  are  germane  not  only  to  the 
National  Cancer  Institute  study  but  also  to  all  laboratory  tests  of  car- 
cinogenicity of  specific  chemical  pesticides.  As  is  indicated  elsewhere 
in  this  document,  uncertainties  as  to  relevance  and  extrapolation  are  a 
cause  for  concern  and  caution  in  interpretation  of  results.  It  should  be 
noted,  however,  that  a remarkable  degree  of  concurrence  has  been 
found  to  exist  between  chemical  carcinogenesis  in  animals  and  that  in 
man  where  it  has  been  studied  closely. 

In  brief  summary,  the  National  Cancer  Institute  study  should  be 
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lttgnrdcd  as  n fine-mesh  screen  designed  to  identify  ns  many  as  possible 
of  the  carcinogens  submitted  to  it.  It  has  performed  this  task  with 
considerable  success.  It  should  be  emphasized*  however,  that  this 
system  detects  a capacity  for  injury  of  the  experimental  animal ; it 
is  not  purported  to  define  “no  effect  levels,”  the  existence  of  which 
is  debated.  Neither  is  it  purported  to  predict  the  response  of  human 
beings  to  the  noxious  agents,  either  at  the  dose  levels  actually  admin- 
istered  to  the  experimental  animals,  or  at  the  dose  levels  commonly 
encountered  by  human  populations. 

2.  Dissenting  opinion. — (Mr.  Carrol  Weil’s  critique  of  the  National 
Cancer  Institute  study,  and  his  other  comments  dissenting  from  the 
opinions  and  judgments  of  the  majority  of  the  Panel.3) 

The  following  are  some  statements  in  reference  to  the  experi- 
mental design  and  subsequent  analysis  of  data  of  the  Bionet ics 
study : 

I.  Dosage  regimen. — The  concentrations  in  the  diet  employed  in 
the  BRL  studies  were  large  by  almost  any  standard  but  they  were 
not  actually  the  maximum  tolerated.  Because  the  maximum 
tolerated  dosage  was  determined  in  very  young  animals  and  dos- 
ages were  not  increased  in  a constant  relation  to  the  weights  or 
surface  areas  of  the  individual  mice  as  they  grew,  the  dosages  ad- 
ministered actually  receded  from  the  maximum  tolerated  by  the 
young  mice  by  3 to  4 fold,  it  is  possible  therefore  that  some  of  tire 
chemicals  studied  might  have  been  capable  of  inducing  cancer 
had  larger  doses  been  employed. 

II.  Route  and  time  of  administration. — The  wisdom  of  admin- 
istration of  the  test  substances  to  animals  during  the  preweaning 
period,  especially  by  intubation,  has  been  questioned.  The  basis 
for  the  concern  expressed  lias  been  the  presumed  extraordinarily 
high  peak  dose  of  the  material  reaching  the  target  organs  in  a 
short  period  of  time  each  day  of  administration,  which  is  to  say, 
extraordinarily  high  in  contrast  with  those  reaching  the  target 
organs  following  administrations  via  the  diet.  The  major  objec- 
tion to  this  former  method  of  administration  is  that  it  is  not  com- 
parable to  the  human  situation  and  might  have  been  the  reason 
for  results  which  would  not,  if  the  materials  were  only  fed  in  the 


•Each  of  the  Issues  raUed  by  Mr.  Well  was  discussed  In  the  panel  sessions  and  eventually 
resolved  in  the  manner  presented  In  the  main  body  of  this  report.  In  particular  following 
the  original  statement  of  these  criticisms  by  Mr.  Weil,  which  appear  In  secs.  IV  and  V of 
his  dissenting  opinion,  the  data  were  reexamined  ou  a Utter  basts,  in  keeping  with  the 
EpsteIn*Mantel  approach,  rather  than  on  the  single-animal -basis  employed  In  the  Journal 
of  the  National  Cancer  Institute  report.  AU  compounds  \ chUh  had  leen  judged  positive  for 
tumor  induction  (significant  at  the  0.01  level,  or  slronger\  remained  positive. 
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diets,  have  occurred.  The  implication  Jus  been  that  the  experi- 
menters have  taken  undue  advantage  of  a period  of  peculiar  and 
excessive  responsiveness  of  the  test  animal  in  a manner  which 
has  no  relevance  to  the  potential  liazaid  of  the  materials  in  the 
human  situation. 

The  newborn  and  very  young  inom 
many  ways.  Toth,  Magee,  and  Shubik  i 
ities  of  certain  liver  enzymes  in  newbor 
five  times  smaller  than  in  adults.  More 
that  DMI3A  peisists  for  a longer  peri 


hler  from  the  adult  in 
fated  that  “the  nctiv- 
mioe  were  shown  to  be 
it  was  demonstrated 
no  in  newborns  than 


in  adult  mice.  In  accord  with  this  finding,  the  catabolic  rate  of 


i adult  mice  than  in 
tated  that  “the  rela- 
f lmn  by  young  than 
iger  mice  to  carcino* 
'th  of  time  urethan 
determining  tumor 


so  eliminates  possi- 
use  of  this  jiossible 
te,  the  high  daily 
ere  fed  in  the  diets 
without  maternal 
e,  this  method  of 
uture  studies.  (/) 
genesis  study  with 


urotliMi  was  reported  considerably  hi 
younger  and  newborn  animals.”  Kaye 
tionship  between  the  greater  retent  i 
by  old  inice  and  the  greater  respons 
genic  action  of  urethan  suggests  that 
remains  in  the  body  is  a critical  fa 
yield.” 

Giving  doses  by  repeated  oral  intv 
ble  maternal  metabolism  of  the  mat*  r 
conversion  into  a less  carcinogenic 
peaks  which  would  not  occur  if  the  r 
and  the  fact  that  intubation  into 
pnssago  is  foreign  to  any  human  1 
administration  is  not  recommended 
Toth,  1*.,  Magee,  P.  N.,  and  Shubik,  P 
dimethylnitrosamine  administered  orally  to  adult  and  subciitanc 
ously  to  newborn  BALIl/c  mice.  Cancer  Reseairh  1712-1722, 
1064,  ($)  Kaye,  A,  M.:  A study  of  the  relationship  between  the 
rate  of  ethyl  carbamate  (urethan)  metabolism  and  urethan  car- 
cinogenesis. Cancer  Research  $0;  237-241,  1000. 

I II,  Age  at  etart. — Some  aspects  of  the  use  of  7-day-old  mice 
were  referred  to  above.  It  can  be  argued  that  a parallel  could 
exist  with  human  infants  or  with  cow's  milk  only  if  a pesticide 
had  been  included  in  the  diet  of  the  test  animal,  not  when  it  was 
given  by  gastric  intubation  in  the  pre  weaning  period. 

IV.  Croup  sfae, — The  mice  were  not  assigned  to  the  various 
test  groups  at  random.  Entire  litters  were  assigned  to  particular 
materials.  Therefore,  the  number  of  experimental  units  for  each 
material  was  not  18  animals  in  a given  sex/strain  group  but  the 
number  of  liters.  Assuming  a maximum  of  12  pups  per  litter,  six 
of  each  litter  per  group,  a maximum  of  three  of  each  sex  per  litter 
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would  have  beon  used  resulting  in  an  N of  approximately  six 
instead  of  18. 

In  studies  such  as  this  previously  described  by  Epstein  end 
Mantel  (/«/.  J . Cancer:  3>  p.  333,  1968),  the  following  statement 
is  made: 

“In  toxicity  and  carcinogenicity  testing  with  neonates,  it  is 
necessary,  for  practical  reasons,  to  treat  all  animals  in  each  litter 
alike.  This  imposes  limitations  on  tie  statistical  consideration  of 
all  animals  as  individuals,  according  to  conventional  practice, 
without  reference  to  possible  litter  influences.” 

This  is  what  D.  Mainland  (in  Elementary  Med . Statistics^  2d 
ed,,  W*  B.  Saunders,  1963,  pp.  59-50)  terms  “the  error  of  wrong 
sampling  units  or  spurious  enlargement  of  samples  or  counting 
the  same  thing  over  again.”  He  states,  “it  was  not  obvious  to  u 
distinguished  worker  in  nutrition  and  dentistry  who  reported  on 
the  caries  in  36,196  teeth  in  the  mouths  of  1,870  children.  By  exam- 
ining about  20  teeth  per  child,  the  investigator  had  measured  over 
and  over  again  the  same  tendency  (or  resistance)  to  caries,  but  in 
the  analysis  each  tooth  was  counted  as  if  it  gave  an  independent 
piece  of  information.  Tlte  proper  sampling  units  were  children, 
and  one  way  to  express  the  information  would  be  by  the  numbers 
of  children  with,  and  without,  caries.  A finer  measure  would  he 
t he  number  of  carious  teeth  per  child,” 

Other  references  by  Epstein  et  al  on  the  same  subject  are: 
Mature  215}  p.  1389  (1967),  “*  * ♦ tumora  (hepatomas)  were  not 
randomly  distributed  between  various  litters.” 

Cancer  Research  27:  p,  1901  (1967),  in  reference  to  the  hepato- 
carcinogenicity  of  griseofulvin  “an  apparent  li  ter  influence  on  the 
the  distribution  of  hepatoma  was  noted.” 

Nathan  Mantel  discussed  this  in  his  talk  “Some  statistical  view- 
points in  the  fctudy  of  carcinogenesis,”  given  at  the  International 
Symposium  on  Carcinogenesis  and  Carcinogen  Testing,  Boston, 
Mass.,  Nov.  8 and  9, 1967.  He  stated : “I  will  start  with  the  premise 
that  in  work  with  newborn  mice,  all  animals  in  n litter  must 
ordinarily  be  treated  alike.  If  this  is  the  case,  any  data  forthcom- 
ing from  a carcinogenesis  trial  must  be  analysed  so  as  to  take 
possible  litter  difference  into  account.  To  illustrate,  suppose  10  of 
100  treated  mice  develop  a particular  neoplasm  while  no  such  neo- 
plasms occur  among  100  control  mice  1 • 1 highly  signifi 
cant  * * •.  But  suppose  that  all  10  neoplasms  had  occurred  in  a 
single  litter  which  had  been  assigned  as  a whole  to  the  drug  treat- 
ment group.  The  observed  tesult  should  no  longer  be  considered 
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significant  and  the  data  would  lend  themselves  to  the  interpreta- 
tion tha  t the  particular  litter  which  was  going  to  get  the  neoplasms 
anyway  had  by  chance,  with  f>0* percent  probability,  been  assigned 
to  the  treatment  group.” 

V.  Randomization. — The  unit  of  comparison  foi  statistical 
analysis  between  treated  anil  control  groups,  must  be  litters, 
and  not  individual  mice.  There  were  approximately  six  litters 
per  sex/st rain  and  the  reactions  to  these  should  have  been  com- 
pared to  the  concurrent  controls.  As  the  litters  were  not  randomly 
assigned  to  the  materials  under  test — compounds  of  high  code 
numbers  were  started  near  the  end  of  the  program,  e.g. — com- 
parison to  combined  control  groups  is  not  proper.  In  fact,  lack 
of  randomization,  to  protect  against  unsuspected  bias  or  non- 
random assignment  of  inherited  characteristics,  casts  doubt  on 
any  statistical  consideration. 

Further,  as  the  incidence  in  the  subgroups  differed  (when  mice 
were  used  as  the  unit),  there  is  no  valid  biological  or  statistical 
reason  to  combine  and  compare  the  results  of  both  sexes  in  one 
strain,  or  to  combine  and  compare  each  sox  in  both  st  twins  or  to 
combine  and  compare  grand  totals  of  both  sexes  in  both  strains. 

VI.  Negative  conttvfs. — All  of  the  combined,  control  mice 
should  not  have  been  considered  as  Xt,  to  be  used  for  comparison 
with  all  of  the  comliin?d  test  mice,  for  any  material  because  of 
the  nonrandom  assignment  of  entire  litters  to  the  materials,  which 
were  also  not  randomly  stalled. 

VII.  Distinction  between  cow /mind*  which  “ resulted  in  an 
elevated  tumor  inccdcnce M and  those  which  Utrquitx  additional 
evaluation” — For  the  following  reasons,  the  materials  reported 
to  (a)  have  produced  an  elevated  incidence  of  tumors  in  mice 
or  (b)  which  require  additional  evaluation  in  the  llinnetics  study 
need  additional  testing  before  any  of  them  can  be  considered  to 
he  n hazard  to  man  or  other  animals : 

(1)  The  mice  were  not  assigned  to  the  various  test  groups  at 
random,  Kntirc  litters  were  assigned  to  particular  materials. 
Therefore,  the  miml>er  of  exjierimental  units  in  each  study  was 
not  18  mice  of  each  sex  and  strain,  but  the  number  of  litters  per 
subgroup. 

(2)  As  the  linns  were  not  randomly  assigned  to  the  materials 
under  test — eomj>ouiids  of  high  n limiters  were  started  near  the 
end  of  the  program,  for  example — comparison  to  combined  con- 
trol groups  is  not  proper.  In  fact,  lack  of  randomization,  to  pro- 
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tect  against  unsuspected  bias  or  assignment  of  inherited  tenden- 
cies, casts  doubt  on  any  valid  statistical  comparison. 

(3)  As  the  incidence  in  the  subgroups  differed,  there  is  no 
biological  reason  to  combine  results  of  males  and  females  in  a 
strain,  or  to  combine  males  or  females  in  both  strains,  or  to  make 
and  compare  grand  totals.  Furthermore,  as  stated  in  (1)  all  com- 
parisons should  be  only  on  litters  as  the  units,  not  mice. 

(4)  The  dosages  were  not  maintained  at  a constant  level— the 
p:oper  method  to  use  to  assay  the  toxicity  or  carcinogenicity  of  a 
material. 

(6)  No  assay  was  made  of  interim  effects  of  the  materials  on 
tissues.  All  or  most  of  the  eventual  effect  may  have  resulted  from 
the  repeated  intubation  of  large  doses  to  the  mice  before  wean- 
ing. This  intubation  route,  with  no  maternal  metabolic  passage 
which  might  have  detoxified  the  material,  is  completely  foreign 
to  any  potential  hazard  route  for  humans.  Therefore,  concur- 
rently dosed  groups  should  have  been  run  with  the  materials  in 
the  diets  of  the  parent  before  the  litters  were  weaned.  Or,  alter- 
natively, this  latter  method  should  have  been  the  only  test  method. 

(8)  While  gastric  papillomas  might  not  have  been  accurately 
counted,  they  were  recorded  in  vol.  1 of  the  report  by  the  Bionet  ics 
Rea  .rch  Laboratories  to  the  National  Cancer  Institute,  They 
were,  furthermore,  listed  on  pp.  45,  46,  and  4?  of  that  report  as 
being  one  of  a “class  of  tumors  requiring  virtually  no  explanatory 
comment.”  The  incidence  of  gastric  papillomas  was  statistically 
significantly  higher  in  'lie  female  B6C3F1  negative  control  mice 
than  in  eight  of  the  11  “experimental  compounds  which  resulted 
in  an  elevated  tumor  incidence”  in  table  £ of  the  Innes,  el  ah  pub- 
lication. Therefore,  some  doubt  is  cast  on  the  significance  of  the 
increase  in  incidence  of  hepatomas  when  the  gastric  papilloma 
incidence  is  concurrently  decreased.  Reasoning  in  (1)  and  (£) 
make  both  types  of  comparisons  unreliable. 

(7)  As  the  hepatomas  were  generally  noi  considered  cancers, 
and  as  the  incidtnce  of  lymphoma  was  quite  low  compared  to  the 
controls  in  each  sex  of  each  strain,  and  could  have  been  the  result 
of  litter  effect  described  in  {1)  and  ($),  none  of  the  materials 
have  been  definitely  “found  to  induce  cancer  when  ingested  by 
man  or  animal”— Section  409(c)8(A)  of  the  Food,  Drug  and 
Cosmetic  Act — in  this  study.  Therefore,  no  action  is  required  by 
the  Secretary  of  the  lJepartmenl  of  Health,  Rducction,  and 
Welfare. 

VIII.  The  elgnificanee  of  the  b lone l ice  *tudy.— Tne  Bionetica 
study  was  conceived  as  a screening  test  to  evaluate  a series  of 
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pesticides  mid  industrial  chemicals  for  potential  tumrrigenicity. 
As  a screening  test  it  indicated  that  (/)  the  positive  controls  in- 
creased the  incidence  of  hepatomas  (£)  a number  of  compounds 
were  found  to  also  increase  tumor  incidences  under  the  condi- 
tions of  the  test  ami  (3)  negative  results  were  obtained  on  many 
compounds. 

A large  enough  number  of  animals  were  used  in  each  test  to 
expect  the  results  obtained  to  be  significant  statistically,  although 
because  randomization  was  not  practical,  the  experimental  unit 
should  have  been  considered  to  be  litters,  rather  than  mice.  How- 
ever, l>ecause  of  the  large  number  of  chemicals  and  animals  used, 
the  newness  of  the  test  procedure,  large  differences  between  re- 
sults obtained  using  different  strains  and  sexes  of  mice,  and  the 
fact  that  the  tests  were  carried  out  in  one  laboratory  only,  the 
work  should  Ik*  regained  as  indicative  but  not  conclusive.  The 
results  clearly  point  out  the  need  for  confirmatory  tests  pref- 
erably by  a collaborative  interlaboratory  effort.  Therefore,  until 
the  results  of  th'-so  are  available,  no  sweeping  statements  should 
be  made  that  certain  |>est icides  are  carcinogenic  and/or  should 
l)e  banned.  It  would  l>e  in  o»der  to  point  out  however  that  un- 
necessary human  exposure  to  suspect  compounds  might  be  mini- 
mized until  more  evidence  is  available, 

IX. — Pathologic  evaluation. — The  statement  is  made  on  page 
-ICG  that  “The  Panel  is  unaware  of  the  existence  of  any  chemical 
which  is  capable  of  inducing  benign  tumors  only,  which  is  to 
say,  in  light  of  present  knowledge,  all  (umorigens  must  be  re- 
garded as  ix)tenlial  carcinogens.  Thus,  the  majority  of  the  Panel 
accepts  tumorigcnicitv  as  an  index  of  carcinogenicity/* 

If  only  licuign  tumors  result  during  the  life-span  of  the  ex- 
|M?rimenta]  animals,  as  lias  liap|>oiied  in  many  studies,  the  nliove 
statement  for  these  materials  does  not  apply.  If  only  benign  tumors 
lestilt,  the  material  under  test  does  not  “induce  cancer**,  which 
by  definition  of  the  term,  is  a malignant  growth  of  tissues  1 1 1 
associated  with  ill  health  and  progressive  emaciation, 
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Relationship*  bet trern  chemical  structure  and  tumor! gcnicity  fa  the 
National  Cancer  Institute  study  1 

In  ge»cia1,thc  data  obtained  in  the  National  (*nncer  Institute  study 
show  a consistent  relationship  liclwecn  chemical  struct  me  and  tumor- 

1 Soa*  <4  tt*  tilted  t«  tfal«  ihxihIIx  iff  rr*lMtr*l  M rrftkWei  • tfcty  »rt 

Iftctafcd  In  0»f  lia  fof  lllaMntlrt  hiipw*  oily. 
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igenicity.2  Certain  uniformities  appear  if  one  groups  the  compounds 
according  to  chemical  structure  and  classifies  them  according  to  the 
tables  in  the  report  of  the  National  Cancer  Institute  study  (i) : 

1.  compounds  which  resulted  in  elevated  tumor  incidence, 

2.  compounds  which  require  additional  evaluation,  and 

3.  compounds  which  did  not  cause  a significant  increase  in  number 
of  tumors4  in  the  one  animal  species  studied. 

Chlorine^ containing  compounds, — A number  of  compounds  which 
contain  chlorine  appear  to  be  tumorigenic;  however,  chlorine  sub- 
stitution by  itself  does  not  impart  tumorigenicity.  Tumorigenicity 
is  evidently  regulated  by  other  substituents  in  the  molecule.  The 
most  important  result  is  that  all  of  those  compounds  in  the  experi- 
ment which  arc  structurally  related  to  DDT  had  ratingr  of  1 or  2. 


p.p'-DDT i 

Cblorobenzttatc 1 

Pert  bane 2 

o.p'-DDD  2 

o,o'-DDD  2 


Two  other  compounds  containing  chlorine  atoms  and  two  containing 
both  chlorine  atoms  and  nitro  groups  but  unrelated  to  DDT  also 
yielded  positive  or  borderline  results. 


Ml  rex 1 

Strobane . 1 

PONB  i 

Vanclde  PB 2 

Tho  second  most  important  group  of  compounds  which  produced 
elevated  tumor  incidence  contain  chloroethyl  or  chloroallyl  groups, 

Aramlte  (positive  control) 1 

btal2-chloroethyl)elher 1 

Avadex  (Dlallate)  *  * 1 

2-(ch]orat&y))tHmethx)imm<ffl!um  chloride  (OCX)) 2 


Several  chlorophenols  exhibited  borderline  activity,  but  an  insuffi- 
cient number  of  compounds  of  this  class  was  included  in  the  test  to 
lend  importance  to  this  observation. 


2,4,6-Vrtcbloropheool  2 

2^'lhJob!s(4,0-dlchloropbenol)  2 

Peetachloropbenot g 


» NrtwHfc*tife4fftff  lb#  1 annul  btlvtn  cWaletl  atmtvr*  iri 

ebwrrH  la  tkla  *t«4/.  hot  tftoofk  la  >tt  Ikon  abovl  atr»ct«t*f»ttrtloa 
rHalloaakl|>f  to  r*rw!t  on*  to  ttlf  atconcVr  «poa  ri«llartUu  a»4  dladfelliritka  of  almtir* 
to  pfrikl  tasorlftkkltj. 

* At  tkt  0.01  Utri  of  al*t1ft<**tt. 
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Compounds  which  contain  nitrogen  or  pcntavalent  sulfur  in  addi- 
tion to  chlorine  atoms  were  essentially  non*tumorigenic  in  the  test 
circumstances  at  the  0.01  level  of  significance* 


Compound 


Class 


Rating 


Monuron . urea 

Diuron do 

Botren amine 

2,C- Diehl  or  (M-nitrcanHinc  1 do 

Dicryl anilide 

CIPC carbamate 

Endosulfan sulfite 

Ovex sulfonate.. 

Genlte  H-99 * — do. . . . 

Tetradifon sulfonc 


2 

3 

3 

3 

3 

3 

3 

3 

3 

3 


■ 8ara<  u Boiran  In  cbcmknl  ilructore.  Bolran  and  Ibis  compound  administered  to  separate  experimental 
group*. 

Also,  ninny  pesticides  which  are  potential  biological  alkylating 
agents  wero  inactive  in  the  test  circumstances.  These  include  the  fol- 
lowing herbicides  and  fungicides: 


Compound 


Clan 


Rating 


Chloranil  (obsolete) qulnone 

Dichlonc do 

Captan phthalimlde. 

Folpet do 

Bimatinc trlaglne 

Atraiinc do 


2 

3 

3 

3 

3 

3 


These  results  seem  inconsistent  with  prior  data  since  some  biological 
alkylating  agents  have  been  shown  to  be  carcinogens  as  well  as  car- 
rinostats.  However,  if  the  compounds  are  too  reactive  chemically  to 
be  translocated,  pcrmeAte  cells,  or  be  stored  in  tissues  in  sufficient 
amounts,  then  they  may  not  be  tumorigenie. 

2,4-Dichlorophenoxyacctic  acid  (2,4-1))  and  five  compounds  closely 
related  to  it  structurally  were  found  to  bo  nontumorigenic  in  the  test 
circumstances. 

Of  the  chlorine-containing  compounds  investigated,  two  out  of  seven 
intin  grou|w  exhibited  a significant  degree  of  tuinorigenicity.  The 
ruults  were  internally  consistent  throughout. 

Dithiocarbamatc*. — Tlie  dithiocarbamatescan  be  classified  into  three 
main  groups  as  follows : 


490 


Derivatives  of  diethylanAre  and  Us  {hydroxy ethyl)  amine 


Dlthlocarbamates:  ieottna 

selenium,  diethyl 1 

tellurium,  diethyl — 2 

potassium,  bls(2‘hydroxyetbyl) — 1 

sodium,  diethyl - - 2 

id  do,  diethyl «. 3 

cadmium,  diethyl 3 

Bid(diethyloftr6amoyl)  disulfide - 2 

Derivatives  of  dimeihylamine 

DVthlocarbamatea : ****** 

lead  — 2 

selenium  - 3 

si  dc 3 

iron - - - 3 

copper  — - * 3 

bismuth - — 3 

dimethyl  ammonium 3 

Bis  ( d imethylearfca rooyl ) disulfide  3 

Bla(dlm*thyk'aibamoyt)m<*,oeulfide  3 


Ethylene  ( bis ) dUhiooarbamaics 

ftsfiny 


sine - 3 

manganese - 3 

sodium  - 3 


Most  of  the  diethylcartiamates  were  either  clearly  tumorigenic  or 
borderline  while  the  dimethyl  analogues  were  inactive.  Selenium, 
evidently,  docs  not  play  a direct  role  in  the  activity  of  scleni  v m diethyl- 
dithiocarbamate  since  the  dimethyl  analogue  is  inert.  The  three  diethyl 
Jerivatives  which  would  be  expected  to  be  assimilated  readily  arc 
active  while  those  including  the  insoluble  heavy  metal  salts  (Zn  and 
Cd)  are  not. 

The  ethylene  (bis)  dithiocarbamates  were  inactive. 

Carbamate*  and  rhiocarbanate*.  The  activity  among  the  carbamates 
was  not  consistent  Ethyl  carbamate  and  Avadex  were  tumorigenic. 
(The  activity  of  the  latter  compound  could  possibly  be  ascribed  to  the 
chloroallyl  group.)  Zcdran  wts  borderline  but  the  remainder  of  the 
carbamates  did  not  produce  significant  effects. 


Compound: 

Ethyl  carbamate,. 
Avadex  (Dhrtlate) 

fcctran 

8ertn 

IPO  

ciro 

faoUn  

TlUtni  4K 


1 

1 

2 
a 
* 
s 
s 
s 


Urea*. — An  insufficient  number  of  urea  derivatives  was  evaluated 
iO  give  a clear  picture  of  their  activities.  Ethylene  thiourea,  an  oxida- 
tion product  of  naham,  was  t u mo ri genic  while  moniiron  was  border- 
line. Diuron  did  not  produce  a significant  res|x>nse. 

Hydrazine  dcri  rati  reft. — Hydrazine  has  l>een  rej>orted  previously 
(2)  to  produce  hepatomas  in  mice.  In  this  study  N-(2-hydroxyethyl) 
hydrazine  was  found  to  be  tumorigenic  but  maleic  hydrazide  was  not. 
If  free  hydrazine  wei*c  liberated  enzymatically,  tnmorigenicity  should 
ensue.  It  may  l>o  that  animals  differ  in  their  abilities  to  liberate  free 
hydrazine  from  maleic  hydrazine.  This  could  account  for  the  con- 
flicting reports  which  nppear  in  the  literature  on  the  effects  of  maleic 
hydrazide. 

A mine*  and  anilides. — None  of  the  amines  and  anilides  tested  ex- 
hibited statistically  significant  tumorigenicity  at  the  0.01  level.  These 
include  Dicry],  Bolran  and  216  dichloro-4-nitroaniIine. 

Methylcnedioxy phenyl  derivatives.—* Comi)oundsof  this  group  were 
classified  borderl inc  or  negative. 


Compound: 

Plpercuyl  butoxlde 1 2 

Plperonyl  eolfoxlde 2 

n Propyl  Isomer - 3 

Butacfde .. 1 3 


1 Plperonyl  hotoilde  vip  alto  tested  • ' Bntadde  (plperonyl  hntoikJe  In  a rolveut  vehicle). 
Because  of  the  presence  of  the  solvent,  they  were  given  at  different  gt>*i  dose  levels.  Tbe 
difference  In  calefofjr  stiMgnraeDt  (2  tertua  6)  come*  about  b«doM  for  plperonyl  hotoilde, 
6 of  15  'train  X male  mice  developed  lymphomas  (significantly  greater  than  tbe  ne /stive 
controlt — at  tbe  1 percent  level)  and  for  Butadde,  3 of  1$  animals  ('train  X,  male  mke) 
developed  lymphoma'.  Three  out  of  16  was  not  significantly  greater  (at  tbe  1 percent  level) 
than  tbe  control  levels  (for  the  same  strain  and  sex)  while  6/15  was — hence  tbe  assignment 
of  the  two  materials  to  two  dlffmnt  categories.  However,  6/16  li  not  significantly  different 
from  9/16. 
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APPENDIX  O 

Animal  studies  of  pesticides  tumorigenicity:  Hoscrtsponse  relation- 
ships and  extrapolation  to  “no  rjfeet"  levels 

Dose-mpon.<*  studies  are  useful  in  demonst rat  ing  whether  a res|>onso 
at  ft  given  doso  with  no  grftdalions  of  response  at  lower  doses  is  more 


suspect  as  “accidental”  than  a graduated  response  seen  at  graduated 
doses.  Two  possibilities  in  the  biology  of  the  response  place  restraints 
on  the  interpretations  of  the  dose-response  relationships,  however: 

1.  Dose-spacing  is  very  important.  Given  a very  steep  dose-response 
curve,  too  widely  spaced  doses  could  yield  responses  ranging  from 
100  percent  at  a given  dose  to  zero  percent  at  the  next  lower  dose.  This 
gives  the  appearance  of  an  artifact  when  there  is  none.  Similarly,  a 
shallow  dose-response  with  doses  spaced  too  closely  can  give  the  appear- 
ance of  no  dose-response  relationship,  when,  in  fact  one  does  exist- 

2.  The  plateau  phenomenon  can  obscure  a dose-response  relationship. 
That  is,  there  may  be  a range  of  doses  for  which  a dose-response  does 
occur— up  to  some  upper  limit  of  response.  At  higher  doses  other  toxic 
effects  or  other  causes  of  death  may  intervene — and  the  tumorigenic 
action  of  the  material  may  appear  to  be  impaired,  The  plateau  phenom- 
enon is  common  in  animal  studies  and  has  also  been  seen  in  humans. 
Notwithstanding  these  limitations  in  their  interpretation,  dose- 
response  studies  remain  almost  the  only  way  to  provide  an  estimate 
of  a possible  “safe”  do6e. 

Reproduced  below  is  part  of  a discussion  of  extrapolation  to  a “safe” 
dose,  as  presented  in  The  Report  of  the  Subcommittee  on  Caroino* 
geneen  of  F DA  Com  mittce  on  Protocols  For  Safety  Evaluation  (1969)  * 
The  concerned  statisticians  at  the  National  Cancer  Institute  concur 
in  these  remarks, 

“•  * • #Jie  only  practicable  basis  for  estimating  a safe  dose  is  by 
extrapolation  downwards  from  results  obtained  at  some  level  well 
above  the  actual  use  level,  Hut  this  extrapolation  introduces  serious 
uncertainties,  which  must  be  recognized  if  rational  methods  of  safety 
evaluation  are  to  be  developed.”  [The  basic  problem  is  that  extrapola 
tion  outside  the  range  of  observation  must  be  based  on  a generally 
unverifiable  assumption  about  the  mathematical  nature  of  the  dose- 
respon90  relationship  near  zero  dosage,  (Technical  Panel  on 
Carcinogenesis,)] 

“It  might  be  thought  that  the  basis  for  such  an  extrapolation  could 
lie  provided  by  observations  in  the  • bservable  range.  To  show  how  far 
from  being  the  case  this  actually  is,  we  give  below  three  different  dose- 
response  curves,  mathematically  defined  over  a dosage  range  of  256 
fold.  All  three  have  the  same  TD** 4 and  TD,*  f.  The  first  is  a probit 
curve,  the  second  a logistic  curve,  and  the  third  the  so-called  one- 
particle  curve. 
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It  will  Ik?  noted  that  below  the  TI>:„,  the  three  curves  diller  by  little 
and  that  in  any  experiment  of  practicable  size  (any  less  than  several 
thousand  animats)  it  would  not  lie  possible  to  conclude  from  the  actual 
observations  which  one  of  the  three  l>e.st  descrilied  the  data.  As  shown 
below,  however,  the  TI) (one  in  a million  dose)  and  the  Tl).00oooi 
(one  in  one  hundred  million  dose)  obtained  hy  extrapolation  of  these 
t hiee  curves  diffennarkedly.  Thus, 

Extrapolated  values  of  "safe"  doses  for  three  different  dose-response  curies  describing 
observed  responses  in  ifcc  I poc<nt  to  SO  percent  response  range  equally  \ cell 


TrobUctinr  Logistic  curve  Orvc-parilcle  curve 


TI>t .040  . 022  . 014  4 

Tl>., 015  5 .003  15  .00144 

TI).«n .001  36  . 000  009  K .000  001  44 

Tl).»«n 000  412  . 000  000  16  . 000  000  014 

Tl)| 


Tl)  100  100,000  1,000,000 


The  one  in  one-hundred  million  dose,  which  Mantel  and  llrynn  call 
the  'virtually * safe  dose  is  oiie*hi»mli,edth  the  Tl),  using  the  prohit 
curve,  one-hwndted  thousandth  using  the  logistic  and  one  one-mil- 
lionth using  the  one- particle  curve.  Thus,  even  with  an  experimentally 
well-determined  Tl),,  or  dose  at  which  IV*,—  .01,  the  SirtualV  safe 
dose  is  obtained  hy  using  a safety  factor  which  can  vary  from  100  to 
1 ,000,000  (lc j icnd  mg  on  the  cn rve  select ed. 

“The  extreme  unreliability  nf  ext rn|K>lat inns  outside  Ihc  oliservalilc 
exjiei  imental  range  was  the  basic  source  of  the  failure  of  the  early 
safety  evaluation  program  for  the  Salk  vaccine,  even  though  the 
ol*servod  curve  connecting  log  titer  and  inactivation  time  had  some 


theoretical  physical -chemical  basis.  Nor  is  the  uncertainty  attaching  to 
an  extrapolated  value  surprising,  since  even  a relationship  with  as  firm 
a molecular  basis  as  Hoyle's  law  breaks  down  at  extremes  of  pressure 
and  temperature.  Clearly  extrapolation  from  the  observable  range  to 
a safe  dose  lias  many  of  the  perplexities  and  imponderables  of  ex- 
trapolation from  animal  to  mail  and  it  would  be  imprudent  to  place 
excessive  reliance  on  mathematical  sleight  of  band,  particularly  when 
the  dose-response  curves  used  are  largely  empirical  descriptions,  lack- 
ing any  theoretical  physical  or  chemical  basis. 

“Nothing  that  has  been  said  bears  on  whether  a threshold  dose  does 
or  docs  not  exist.  What  does  seem  clear  is  that  more  fundamental 
experimentation  than  that  of  the  usual  toxicological  dose-response 
investigation  in  intact  animals  is  necessary  to  shed  much  light  on  the 
question.” 

The  uncertainties  in  the  extrapolation  have  led  the  FDA  Subcom- 
mittee to  the  following  conclusion. 

“Although  it  is  possible  in  principle  to  estimate  ‘safe’  levels 
of  a carcinogen,  uncertainties  involved  in  downward  extrapolation 
from  test  levels  will  usually  result  in  permissible  levels  that  are 
the  practical  equivalent  of  zero.” 

APPENDIX  D 

Studies  of  human  populations 

The  relationship  between  pesticides  and  chronic  disease,  including 
cancer,  has  not  been  adequately  studied  in  man.  A review  of  available 
literature,  including  a MEDLARS  search,  reveals  *hat  most  studies 
to  date  were  done  on  small  sample  sizes,  for  short  periods  of  time,  and 
without  adequate  follow-up.  This  deficit  points  up  the  need  for  de- 
linitive  epidemiologic  studies  on  man  to  answer  questions  about  vatia- 
lion  within  and  among  individuals,  identification  of  “high-risk”  and 
“low-risk”  imputations,  relationship  lietwcen  exposure  and  risk,  and 
establishment  of  human  (tosc*res|>onsc  curves*  A correlation  between 
ex|>osnrc  to  DDT  (industrial  and  home  use)  and  tissue  concentration 
lias  lx*en  thowii.  However  a correlation  has  not  l>een  established  be- 
tween tissue  concentration  end  subsequent  disease.  Radomski  ct  a!. 
(Food  CosmeL  Toxic.*  0: *209-20,  August  IPOS)  have  compared  the 
organochlorine  j^sticide  concentrations  in  fat  and  liver  of  271  patients 
with  known  liver,  brain,  and  other  disease,  against  “contiol”  levels 
found  in  an  earlier  autopsy  study.  They  tr|>ot1ed  elevated  ix*sticide 
concentrations  associated  with  various  diseases  including  a 2-  to  3- 
fold  increased  concentration  in  patients  with  carcinomas  of  lung, 
stomach,  rectum,  i^ancreas,  prostate,  and  bladder.  No  sjiccific  asso- 
ciation was  shown  between  increased  concentration  and  any  particular 
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neoplastic  disease.  The  authors  postulated  no  cause-and-effect  relation- 
ship. It  should  be  noted  that  cachexia,  accompanied  by  disturbances 
and  shrinkage  of  fat  deposits,  may  alter  levels  of  fat-soluble  pesticides 
in  adipose  and  other  tissues.  Accordingly,  it  is  possible  that  high 
concentrations  of  DDT  in  the  remaining  fat  may  not  necessarily  reflect 
the  level  of  exposure  of  the  individual. 

To  date  there  have  been  no  large-scale,  well-controlled,  epidemiologic 
studies  capable  of  revealing  a negative  or  positive  cause-and-effect 
relationship.  At  least  one  consequence  of  this  lack  of  appropriate 
work  is  that  there  is  also  no  evidence  to  prove  that  there  is  a safe 
threshold. 

WHAT  IS  BEING  DONE  NOW 

The  majority  of  work  in  the  field  of  pesticide  data  gathering  on 
human  exposure  is  being  done  by  the  Food  and  Drug  Administration’s 
Division  of  Pesticides  in  Chamblee,  Ga.  In  1949,  the  National 
Communicable  Disease  Center  in  Atlanta  established  a toxicology 
laboratory  to  begin  studies  on  pesticides.  In  November,  1964,  an  Office 
of  Pesticides  was  established  to  provide  a mechanism  for  responding 
to  a number  of  health-related  recommendations  which  followed  a 
study  of  pesticides  by  the  Life  Sciences  Panel  of  the  President’s 
Science  Advisory  Committee.  In  August  1966,  the  office  was  trans- 
ferred to  Atlanta  and  renamed  the  pesticides  program.  It  then  included 
12  community  study  locations.  The  program  was  transferred  to  the 
FDA  on  July  1, 1968. 

The  pesticides  program,  in  addition  to  its  community  study  projects, 
is  currently  conducting  a Human  Monitoring  Survey,  measuring  adi- 
pose and  serum  pesticide  levels  and  obtaining  the  following  informa- 
tion: (1)  name,  (2)  sex,  (3)  race,  (4)  age,  (5)  hospital  and  other 
identification,  (6)  up  to  three  clinical  diagnoses,  and  (7)  up  to  three 
pathologic  diagnoses.  Specimens  of  tissue  (or  blood),  lemoved  rou- 
tinely during  surgery  or  autopsy,  were  obtained  from  collaborating 
pathologists.  Demographic  data  were  obtained  from  hospital  admission 
sheets.  Individual  patients  or  families  of  deceased  patients  were  .iot 
contacted.  Due  to  the  difficulty  in  getting  accurate  or  complete  infor- 
mation, data  such  as  patient’s  occupation  are  omitted. 

The  data  gathering  lias  grown  in  an  informal  way.  Between  70-80 
pathologists  around  the  United  States  were  contacted  initially.  Later, 
attempts  were  made  to  improve  national  coverage  by  including  pathol- 
ogists from  geographic  areas  initially  omitted.  No  formal  procedures 
exist  to  minimize  bias  in  specimen  collection.  There  are  now  15  com- 
munity study  projects.  The  number  of  “occupationally  exposed”  indi- 
viduals has  been  increased  to  1,400.  Numbers  of  controls  have  also  been 
increased.  The  program  over  the  last  several  years  has  reflected,  as 
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well  as  developed,  improved  technology  for  detecting  and  examining 
trace  materials.  Data  handling  has  not  developed  satisfactorily.  Each 
community  study  stores  its  own  records,  and  there  is  no  centralized 
data  storage  and  retrieval  system,  though  copies  of  records  are  avail- 
able centrally. 

From  the  Human  Monitoring  Survey  d^ta,  the  Pesticides  Program 
is  trying  to  obtain  information  concerning  the  incidence  of  various 
diseases  (or  mortality  from  several  diseases)  as  related  to  pesticide 
levels.  As  of  September  1009,  the  Program  prepared  a partial  list  of 
diseases  (by  ICDA  classification)  and  the  number  of  patients  in  the 
study  with  each  disease.  These  data  are  not  suitable  for  computing 
mortality  rates.  It  is  the  intent  of  these  studies  to  throw  some  light  on 
causes  of  death,  or  diseases  associated  with  high  pesticide  levels. 

The  major  limitations  of  the  current  work  are:  (1)  Incomplete 
demographic  data  collection,  (2)  non-representative  population,  (3) 
difficulties  in  computing  rates  of  mortality,  or  disease  incidence, 
(4)  problems  of  ident ideation  of  “high-risk”  individuals,  and  (5)  slow 
and  uncoordinated  data-processing  procedures. 

WHAT  CAN  BE  DONE 

A def  nitive,  large-scale  study  is  needed  to  examine  the  relationship 
between  pesticides  and  disease.  Such  a study  must  be  planned  with  a 
statistically  sound  sampling  procedure  including  identification  of 
low-  versus  high-exposure  groups,  multiple-tissue-per-patient  exami- 
nation, and  adequate  demographic  data  collection.  Possible  inter- 
actions of  materials  must  be  considered.  Some  of  this  is  now  being 
done  on  a limited  scale.  The  data  must  be  examined  in  various  com- 
binations in  addition  to  the  tabulation  of  incidence  of  disease  by 
different  tissue  levels  of  pesticide.  To  identify  increased  incidence  of 
rare  diseases  will  require  large  sample  sizes. 

The  sample  sizes  depend  on  the  desired  sensitivity  of  the  study,  the 
desired  power  of  the  study  to  reveal  differences,  if  they  exist,  the 
incidence  rate  of  the  disease  being  studied,  and  the  magnitude  of 
change  in  disease  occurrence  that  is  meaningful  to  attempt  to  find.  If 
one  sought  to  find  an  increase  in  a relatively  rare  cancer,  such  as  liver 
cancer,  which  animal  studies  indicate  may  be  importantly  affected  by 
pesticides,  then  large  numbers  would  be  needed.  (In  1966  there  were 
approximately  2,000  reported  cases  of  death  due  to  primary  liver 
cancer  in  the  United  States.  This  is  a death  rate  of  about  1/100,000.) 
At  the  5 percent  sensitivity  level,  close  to  5, 800, OCX)  individuals  would 
have  to  be  studied  to  pick  up  a doubling  of  the  death  rate  due  to 
primary  liver  cancer.  A sample  large  enough  to  pick  up  such  an 
increase  in  liver  cancer  would,  of  course,  be  able  to  detect  smaller 
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increases  in  more  common  cancers.  Consider  cancer  of  the  pancreas. 
At  the  5-percent  sensitivity  level,  a study  of  5,800,000  individuals 
could  reveal  an  increase  of  33  percent  in  the  death  rate  from  cancer 
of  the  pancreas;  to  detect  a doubling  in  the  rate  it  would  be  necessary 
to  study  about  760,000  individuals.  Major  forms  of  cancer  showing 
recent  increases  in  incidence  that  might  be  related  to  pesticides  include 
cancer  of  the  colon,  cancer  of  the  bladder,  and  cancer  of  the  pancreas. 

By  stretching  out  the  study  over  several  years,  and  by  concentrating 
on  age  and  occupation  groups  believed  to  be  at  high  risk,  the  number  of 
people  who  need  to  be  followed  can  be  reduced.  Long  term  studies  have 
the  disadvantages  of  loss  to  follow-up,  and  protection  against  this 
needs  to  be  built  into  them.  This  means  increased  initial  sample  size. 

One  other  possibility  exists  that  is  worth  considerable  attention. 
That  is  to  invert  the  process  and,  instead  of  looking  at  individuals  and 
finding  their  diseases  or  causes  of  death,  to  look  at  causes  of  death,  and 
find  the  characteristics  of  the  individuals  to  whom  these  causes  occur. 
This  might  be  accomplished  through  a national  death  index. 

A National  Dealth  Index — with  all  deaths  within  the  United  States 
tabulated  by  cause — would  permit  easier  investigation  of  the  pesticides 
problem.  Where  specific  causes  of  death  were  suspected  of  possible  as- 
sociation with  pesticides,  the  Index  would  permit  an  identification  of 
the  individuals  who  died  from  these  causes.  Follow-up  studies  could 
reveal  their  occupations,  possible  exposures  to  pesticides,  etc.  Evidence 
of  presumed  clustering  (in  time  and  space)  of  deaths  has  stimulated 
epidemiologic  investigations  into  possible  etiologies  of  leukemias  and 
lymphomas — with  some  profit.  It  might  be  worthwhile  seeking  in- 
formation on  clustering  with  respect  to  deaths  presumed  to  be  associ- 
ated with  pesticide  exposure. 

Without  large  scale,  well-planned,  controlled  epidemiologic  studies, 
the  true  importance  of  the  long-term  effect  of  pesticides  on  the  human 
population  will  be  difficult  to  document  with  any  accuracy.  The  Direc- 
tor of  the  Division  >f  Community  Studies,  FDA,  has  remarked  about 
the  importance  of  “maintaining  an  overall  stable  program  with 
stature .”  The  Technical  Panel  on  Carcinogenesis  concurs. 

CITED  REFERENCES  AND  BIBLIOGRAPHY 

(All  reports  examined  by  the  panel  in  respect  to  tumorigenicity  test- 
ing, arranged  according  to  individual  pesticides.) 

The  report  of  the  National  Cancer  Institute/BIonetlcs  study  (Journal  of  the 
National  Cancer  Institute  42:  1101-1114,  June  1069,  Innes,  et  al.)  Is  cited  at  this 
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INTERACTIONS 

Summary 

Under  experimental  conditions,  3 kinds  of  interactions  can  readily 
bo  demonstrated,  (a)  in  a few  pairs  of  organophosphates  one  can 
block  an  enzyme  (aliesterase)  which  normally  degrades  the  other,  and 
thus  enhance  its  toxicity  greatly;  (b)  most  chlorinated  hydrocarbons 
can,  at  fairly  low  concentrations,  and  especially  if  administered  regu- 
larly, increase  the  level  of  the  drug  metabolizing  system  of  liver 
microtomes.  This  increase  produces  a variety  of  effects,  decreasing  or 
increasing  the  toxicity  to  some  pesticides  which  might  be  taken  in 
later,  but  also  altering  the  body’s  response  to  many  drugs,  and  also 
changing  the  level  of  several  circulating  hormones;  (c)  piperonyl 
butoxide  and  related  compounds,  whose  only  commercial  use  is  to 
improve  the  toxicity  of  pyrethroid  insecticides,  can  at  relatively  high 
concentrations  block  the  liver  microsomal  system  mentioned  above, 
ard  this  blockade  increases  the  toxicity  of  a variety  of  insecticides 
which  are  normally  degraded  by  that  system. 

Although  the  above  effects  can  be  shown  experimentally,  the 
amounts  of  pesticide  normally  ingested,  either  by  food  intake  or  by 
those  occupationally  exposed,  does  not  appear  to  be  enough  to  create 
any  hazardous  interaction  for  compounds  for  which  data  are  available. 
The  amounts  taken  in  by  the  general  public  are  substantially  less  than 
enough  to  produce  even  detectable  changes,  and  such  just-detectable 
changes  would  have,  in  our  opinion,  no  hazardous  consequences.  How- 
ever, this  opinion  is  necessarily  based  to  a large  extent  upon  data 
obtained  with  laboratory  animals. 

Although  this  report  makes  no  recommendation  specifically  related 
to  carcinogenesis,  some  consideration  is  given  this  aspect  in  appen- 
dix B. 

There  are  two  and  possibly  more  conditions  under  which  investiga- 
tions are  a eauso  for  concern.  One  is  when  gross  misuse  or  suicidal 
intent  give  rise  to  massive  intakes.  Under  such  conditions,  the  dangers 
of  two  compounds  together  will,  for  certain  pairs  of  compounds,  be 
greater  than  the  sum  of  the  dangers  from  each  separately.  The  second 
is  when  individuals  with  a high  occupational  level  of  exposure  to 
chlorinated  hydrocarbon  insecticides  undergo  therapy  with  certain 


drugs.  Their  response  to  these  drugs  may  be  quantitatively  different, 
from  that  anticipated. 


Conclusions 

1.  Studies  on  the  inhibitory  action  of  anticholinesterase  pesticides 
on  plasma  and  liver  aliestemses  should  be  required  as  part  of  the  rou- 
tine toxicological  evaluation  studies  because  of  the  established  im- 
t>ortance  of  this  inhibitory  action  as  a cause  of  potent iation  of  toxicity. 

2.  Research  should  be  conducted  to  establish  the  level  of  aliesterase 
inhibition  by  anticholinesterase  pesticides  that  alters  the  rate  of  metab- 
olism of  ester  drugs  at  therapeutic  dosages. 

3.  Additional  studies  should  be  conducted  to  evaluate  the  signifi- 
cance of  aliesterase  inhibition  in  man,  and  especially  liver  aliesterase 
and  nmidase.  If  there  is  an  increased  use  of  organophosphorus  insecti- 
cides and  carbamate  pesticides  and  a consequent  increase  in  exposure 
of  the  population,  especially  those  occupationally  exposed,  this  in- 
creased health  hazard  must  be  monitored  carefully  to  prevent  an 
increase  in  the  toxic  action  of  other  chemicals  through  inhibition  of 
nliesteroses.  There  is  a need  for  methodology  that  will  provide  mean- 
ingful information  on  aliesterase  levels  in  man. 

4.  The  cumulative  effects  of  anticholinesterase  insecticides  on 
cholinesterase  and  aliesterase  activity  of  wildlife  should  be  evaluated 
to  aid  in  preservation  of  desirable  species, 

5.  Tests  for  enzyme  induction  should  be  made  a part  of  the  required 
studies  on  all  new  pe^icidat  chemicals.  Quantitative  measurements  of 
the  potency  of  a pesticide  as  an  enzyme  inducer  should  be  made  using 
sulmcute  or  chronic  tests  unless  separate  exi*riments  of  a short-term 
t ype  show*  that  the  pest  icide  is  not  capable  of  causing  enzyme  induct  ion. 

6.  More  research  is  needed  to  establish  ways  of  predicting  enzyme 
induction  on  a structure-activity  basis. 

7.  More  research  is  needed  to  establish  qualitative  and  quantitative 
criteria  to  indicate  similarities  and  difference®  in  drug  metabolism  in 
various  specie®.  The  extent  to  which  the  low  levels  of  microsomal 
enzyme  activity  in  extra-hepatic  tissues  such  as  lung,  gastrointestinal 
tract,  kidney,  and  adrenal  cortex  is  induced  by  pesticide®  should  be 
studied. 

8.  Additional  research  is  needed  on  the  development  of  practical 
quantitative  methodology  for  measuring  enzyme  induction  in  animals 
and  man.  Consideration  should  be  given  to  the  development  of  model 
substrates  with  low  toxicity  whose  metabolic  products  can  be  easily 
measured.  When  such  methods  are  available  monitoring  studies  should 
be  conducted  on  individuals  exposed  in  the  manufacturing  and  appli- 
cation of  pesticide®. 
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9.  Additional  research  designed  to  characterize  the  mechanism (s) 
and  tli©  significance  of  pesticide  interactions  should  include  the  study 
of  the  effects  of  the  total  environment,  i.e.,  chemical,  physical,  and 
social  factors. 

10.  At  sufficiently  high  levels,  insecticide  synergists  inhibit  the 
metabolism  of  insecticides.  Information  is  needed  a)  on  human  intake 
of  these  synergists  both  by  consumption  of  food  in  the  normal  diet  and 
by  inhalation  exposure  to  aerosols  as  normally  used,  b)  on  the  interac- 
tions resulting  from  intakesof  this  magnitude,  first  with  experimental 
animals  and  subsequently  with  humans. 

11.  Further  work  should  be  encouraged  on  the  effect  of  combina- 
tions of  household  detergents  and  pest  icicles  and  on  storage  of  t he 
latter  compounds. 

Introduction 

The  term  interaction  is  commonly  used  to  describe  an  increase  or 
decrease  in  the  biological  activity  of  a chemical  agent  by  the  prior  or 
simultaneous  exposure  to  another  chemical  agent  or  other  exogenous 
factor.  Strictly  additive  toxic  effects  from  chemicals  having  the  same 
pharmacological  actions  are  not  classed  as  interactions,  nor  are  those 
decreases  in  toxicity  which  are  due  to  opposite  pharmacological 
actions. 

Interactions  can  be  caused  by  several  mechanisms.  By  far  the  most 
prominent  mechanism  responsible  for  known  pesticide  interactions 
is  interference  with  the  activity  of  drug  metabolizing  enzymes.  Thus 
the  ability  of  organic  phosphate  insecticides  to  inhibit  esterases  thaf 
detoxify  other  organic  phosphates  and  some  drugs  represents  one  im- 
j>ortant  type  of  interaction.  Increases  in  the  level  of  drug-metabolizing 
enzymes  through  induction  by  chemical  agents  represents  another 
important  mechanism.  A third  important  mechanism  involves  inhibi- 
tion of  the  activity  of  hepatic  microsomal  drug-metalx>lizing  enzymes. 

Some  drugs  (as  distinct  from  pesticides)  produce  interactions  by 
blocking  excretion  of  other  chemicals,  some  by  compiling  for  binding 
sites  on  plasma  proteins,  some  through  interference  with  intestinal 
absorption,  some  by  blocking  the  transport  of  another  chemical  to  its 
site  of  action,  some  by  direct  sensitization  of  the  target  site.  The  Com- 
mittee has  attempted  to  examine  all  types  of  potertial  interactions, 
but  has  found  no  documented  cases  of  pest  icides  invol  red  in  these  other 
types  of  interactions. 

Therefore,  the  Committee  focused  attention  on  ]#sticide  interac- 
tions that  involre  the  three  identified  mechanisms.  Careful  considera- 
tion was  given  to  the  question  of  whether  or  not  interactions  could 
occur  at  the  practical  dose  levels  to  which  fie  population  of  the  United 
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States  is  normally  exposed.  Additionally,  t he  Committee  has  consid- 
ered  the  same  question  in  relation  to  individuals  who  are  exposed  to 
higher  dosages  through  their  occupation.  When  insufficient  information 
was  available  the  Committee  made  recommendations  for  further 
research. 

PESTICIDE  INTERACTION'S  Til  ROUGH  INHIBITION  OF  ESTERASES 

Pesticides  having  the  same  pharmacological  action  are  generally  ad- 
ditive in  their  toxicity  and  this  lias  been  recognized  in  regulations  of 
the  Food  and  Drug  Administration  (CFR  120.3)  which  prohibits 
the  combined  residues  of  more  than  one  related  compound  on  food 
commodities  from  exceeding  the  weighted  average  calculated  from  the 
individual  tolerances. 

Combined  actions  of  an  additive  nature  are  readily  predictable  and 
understood  in  evaluation  of  potential  hazards  from  pesticides.  How- 
ever, some  pesticides  exert,  more  than  an  additive  effect  on  the  toxicity 
of  other  |>esticides  and  present  a combined  health  hazard  in  excess  of 
that  ordinarily  expected.  In  1057,  it  was  reported  that  the  simul- 
taneous administration  of  two  organic  phosphate  pesticides,  EPX 
and  malathion,  gave  acute  toxic  effects  50  times  greater  than  a simple 
additive  effect  (/),  It  was  also  reported  that  subacute  feeding  of  botli 
compounds  produced  a ten-fold  increase  in  toxicity  as  measured  by  cho- 
linesterase inhibition.  Protection  of  consumer  health  from  such  itnex- 
|*cted  and  unexplained  “potentiation”,  as  we  shall  call  it,  between 
organopliospliorus  insecticides  was  instituted  by  a change  in  FDA 
regulations  to  require  the  testing  of  each  |>esticide  of  this  type  in 
combination  with  each  other  organopliospliorus  insecticide  (CFR 
120.35).  With  the  development  of  other  cholinesterase  inhibiting  pesti- 
cides, namely  the  carbamates,  this  requirement  was  extended  to  in- 
clude all  combinations  of  organopliospliorus  |>esticidcs  and  carbamates. 
Under  the  test  procedures,  if  evidence  of  potentiation  was  observed  in 
acute  tests,  subacute  studies  were  required  to  define  the  level  without 
toxic  effect. 

Partly  because  of  this  requirement,  several  other  orgauophosphonis 
insecticides  were  uncovered  which  |K>tentiate  the  toxicity  of  malathiou 
and  other  organopliospliorus  insecticides  (tf-A).  However,  the  ma- 
jority of  combinations  studied  did  not  cause  significant  toxicity  be- 
yond the  expected  additive  action.  Consequently,  tolerances  for 
cholinesterase  inhibiting  pesticides  have  been  established  with  knowl- 
edge and  evaluation  of  their  jiotenlialing  effects  in  experimental 
animals.  Confidence  in  this  practice  was  obtained  through  administra- 
tion of  combinations  of  potentiating  pairs  at  tolerance  levels  to  human 
volunteers  demonstrating  no  effect  on  cholinesterase 
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More  recently  the  biological  mechanism  for  this  type  of  potentia- 
tion of  the  toxicity  of  cnrboxyestew,  like  malathion,  has  become 
understood  (4, 10 , 11, 12, 13,  14).  A.  few  other  interactions  of  lesser  mag- 
nitude, not  involving  carboxyestere,  have  been  reported  whose  mecha- 
nism is  associated  with  competitive  binding  and  other  reactions  (8, 16, 
16).  In  the  case  of  the  more  common  and  more  marked  cases  of  po- 
tentiation, it  has  been  demonstrated  that  all  organic  phosphate  and 
carbamate  pesticides  inhibit  certain  other  esterases  in  addition  to 
cholinesterase.  Among  these  enzymes  is  a group  referred  to  as  alies- 
(erases.  One  or  more  of  these  aliesterases  rapidly  hydrolyzes  malathion 
to  yield  products  which  are  devoid  of  unthicholinesterase  activity,  thus 
influencing  detoxification  of  malathion.  A metabolite  of  EPN  possesses 
a greater  inhibitory  effect  on  aliesterase  than  on  cholinesterase  and 
when  sufficient  EPN  is  administered  simultaneously  or  prior  to  mala- 
thion, inhibition  of  this  aliesterase  interferes  with  the  normal  de- 
toxification of  malathion.  As  a consequence,  malathion  is  available 
to  inhibit  cholinesterase  in  the  same  manner  as  other  phosphates.  A 
parallel  mechanism  has  been  shown  for  EPN  action  upon  the  degrada- 
tion of  dimethoate,  a carboseyamide  (30) . 

After  the  mechanism  of  EPN  potentiation  of  malathion  became  ap- 
parent, other  phosphate  and  carbamate  pesticides  have  been  examined 
for  their  inhibitory  effect  on  aliesterase  enzymes  (17-19).  All  orga- 
nophosphorus  insecticides  inhibit  the  aliesterases  that  hydrolyze  tri- 
butyrin  and  diethylsuccinate  as  well  as  cholinesterases  but  the  marked 
potentiators  of  malathion  toxicity  inhibit  aliesterases  at  a lower  die- 
tary level  than  the  level  necessary  to  inhibit  cholinesterases  (18). 

As  a consequence  of  these  observations,  the  FDA  has  modified  its 
regulations  on  testing  for  potentiation  (OFR  130.35)  to  “require  spe- 
cial experimental  data”  on  a case  by  case  basis  as  deemed  necessary, 
rather  than  requiring  measurement  of  the  toxicity  of  each  possible 
combination.  In  light  of  present  knowledge , studies  on  the  inhibition 
of  plasma  and  liver  aliesterase  should  be  required  on  all  anticholin- 
esterase pesticides. 

Because  all  organic  phosphate  and  carbamate  insecticides  inhibit 
aliesterases  as  well  as  cholinesterase,  and  because  aliesterases  are 
known  to  metabolize  many  natural  food  ingredients,  food  additives, 
drugs  and  industrial  chemicals  (20-24)  the  public  should  be  protected 
from  exposure  to  levels  of  these  insecticides  that  alter  the  metabolism 
of  other  compounds.  To  define  the  level  for  each  pesticide  that  will 
significantly  alter  the  metabolism  of  other  chemicals,  subacute  studies 
have  been  conducted  with  rats  for  most  of  these  insecticides  (/#). 
When  diethylsuccinate  and  tribulyrin  were  used  as  substrates,  dietary 
levels  as  low  as  0.6  p.p.m.  of  some  commercial  orga  nophosphorus 

SIS 


compounds  produced  50%  inhibition  of  the  activity  of  these  ali- 
esterases.  This  degree  of  inhibition  significantly  reduces  the  resistance 
of  rats  to  malnthion  (18) . This  is  important  for  occupational  exposure. 
However,  it  is  not  known  whether  this  degree  of  aliesterasc  inhibition 
significantly  alters  the  rate  of  metabolism  and  toxicity  of  lower  doses 
of  inalathion  or  other  substrates  when  the  enzyme  system  is  not  over- 
loaded. From  available  evidence  (/,  17)  it  appears  that  it  docs  not,  but 
more  definitive  studies  should  be  undertaken,  hi  addition  to  measuring 
the  effect  of  aliesterasc  inhibition  on  the  metabolism  of  other  fk'sti- 
rides , studies  should  be  undertaken  to  establish  the  level  of  alicstentse 
inhibition  that  affects  the  mte  of  metabolism  of  ester  drugs  at  thera- 
peutic dosages. 

The  role  of  aliesterases  in  detoxification  reactions  in  man  are  poorly 
defined.  The  relatively  low  toxicity  of  mnlnthion  in  the  rat  is  dependent 
on  detoxification  by  aliesternsc(s)  primarily  in  the  liver.  In  man  the 
blood  aliesterasc  activity  for  substrates  such  as  diethylsnccinate  (26. 
20)  is  extremely  low  and  the  more  imi>ortant  information  concerning 
levels  in  the  liver  has  not  been  obtained.  The  nmidase  which  degrades 
dimethoate  is  less  active  in  human  liver  than  in  liver  of  six  other 
vertebrates  (31).  If  the  aliesterasc  activity  in  the  liver  of  a man 
parallels  blood  in  being  much  lower  than  it  is  in  rats,  this  may  provide 
an  explanation  for  the  higher  toxicity  of  malnthion  to  man  than  to 
experimental  animals  (0,  fc7).  Comparative  studies  on  the  suscepti- 
bility of  experimental  animals  and  man  to  aliesterasc  inhibition  have 
been  conducted  with  only  one  orgnnopbosphorus  insecticide  (20)  and 
it  only  involved  measurements  on  the  activity  of  blood  of  man.  Al- 
though tributyrinase  activity  was  more  strongly  inhibited  than  cholin- 
esterase in  the  case  of  the  rat,  there  was  no  significant  difference  in 
susceptibility  of  the  enzymes  in  the  blood  of  man. 

Therefore,  from  available  evidence  on  one  aliesterase  in  blood,  the 
significance  of  aliesterase  inhibition  from  organic  phosphates  to  human 
health  would  appear  to  be  less  important  than  cholinesterase  inhibition 
except  perhaps  for  occupational  exposure.  This  conclusion,  how- 
ever, is  based  on  less  than  adequate  information  on  human  snscept ibility 
to  aliesterase  inhibition.  Additional  studies  should  h*  conducted  to 
evaluate  the  significance  of  aliesterasc  inhibition  in  man  and  especially 
liver  aliesterasc f and  to  study  the  relation  between  aliesterases  and 
amidases. 

Current  total  diet  studies  establish  that  the  level  of  organo- 
phosphorus  insecticides  and  carbamates  in  the  diet  of  man  from  agri- 
cultural use  is  below  the  level  vrhkh  affects  cholinesterase  and 
aliesterase  activity  (KP).  Occupational  exposure  of  applicators  and 
farm  workers,  howerer,  has  frequently  resulted  in  measurable  cholin- 


esterase  inhibition  nnd  presumably  aliesterase  inhibition  (£0).  An 
increase  in  the  use  of  organic  phosphate  and  carbamate  pesticides 
will  increase  the  exposure  of  both  agricultural  workers  and  consumers 
of  agricultural  products.  This  increased  health  hazard  must  he 
monitored  carefuliy  to  avoid  an  increase  in  susceptibility  of  the  popu- 
lation to  toxic  actions  of  other  chemicals*  The  cumulative  effect  on 
cholinesterase  and  aliesterasc  activity  of  wildlife  xchich  receives  a 
greater  exposure  sould  also  be  evaluated  to  preserve  desirable  species. 

Although  carcinogenic  nnd  potential  carcinogenic  or  mutagenic 
interactions  are  important,  a full  consideration  of  the  pharmacological 
results  of  interaction  in  these  regards  has  been  left  to  the  respective 
subcommittees  appointed  to  assist  with  these  topics. 

SUMMARY 

The  most  pronounced  cases  of  known  interaction  associated  with 
pesticides  have  involved  organophosphorus  insecticides.  The  mecha- 
nism for  these  interactions  has  been  demonstrated  to  be  due  to  in- 
hibition of  the  detoxifying  enzymes  referred  to  as  aliesterases.  Al- 
though all  commercial  organophosphorus  and  carbamate  insecticides 
inhibit  aliesterase(s)  os  well  as  cholinesterases,  the  marked  poten- 
tiators inhibit  aliesterases  at  a lower  dosage  than  is  required  for  cholin- 
esterase inhibition.  It  is  prudent  to  require  informat  ion  on  the  effect  of 
nil  anticholinesterase  pesticides  on  aliesterase  activity.  The  evidence  on 
experimental  animals  indicates  that  the  current  level  of  pesticides  in 
tli©  diet  does  not  inhibit  aliesterase (s).  However,  occupationally  cx- 
l>osed  individuals  may  have  reduced  activity  and  may  be  more  suscep- 
tible to  other  compounds.  Additional  work  is  needed  to  define  the 
significance  of  aliesterase  activity  in  man  and  his  relative  sensitivity  in 
relation  to  experimental  species. 
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Pesticide'  I kteractiokr  Thkovoii  Alteration  or  Hepatic  Micko* 
80MAL  EneYME  ActHTTY 

The  second  important  mechanism  by  which  |*sticides  are  known  to 
produce  interactions  is  by  altering  the  activity  of  the  enzyme  systems 
in  hepatic  microsomes  that  catalyse  the  metabolism  of  many  foreign 
chemicals.  These  microsomal  enzymes,  which  are  frequently  referred 
to  as  mixed  function  oxidases  or  drugunetabolizing  enzymes,  are 
readily  induced  by  many  chemical  agents  and  inhibited  by  a few  types 
of  chemical  coni|K>unds.  A pesticide  capable  of  causing  induction  or 
inhibition  of  these  enzymes  will  alter  the  suscc|)tibility  to  drugs  or 
other  chemicals  that  are  normally  metabolized  by  these  enzymes. 
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During  recent  years  a tremendous  amount  of  attention  has  been 
given  to  induction  of  hepatic  microsomal  drug-metabolizing  enzymes 
by  various  chemical  agents.  It  is  well  established  that  elevation  of  the 
levels  of  these  enzymes  will  accelerate  the  biotransformation  of  many 
substrates  (pesticides,  drugs,  and  other  chemicals)  that  are  normally 
metabolized  by  these  enzymes.  Acceleration  of  the  metabolism  usually 
results  in  more  rapid  detoxification  but  in  some  cases  the  metabolites 
are  more  toxic  than  the  parent  compounds.  The  extent  to  which  this 
type  of  interaction  occurs  from  combinations  of  pesticides,  drugs,  and 
other  chemicals  has  become  a question  of  considerable  concern.  The 
number  of  combinations  of  pesticides  and  other  chemicals  is  too  great 
to  permit  assessment  of  their  potential  for  interact  ions  by  toxicity  tests 
on  every  possible  combination.  Thus  an  understanding  of  the  mech- 
anisms responsible  for  interactions  seems  to  offer  the  most  practical 
approach  to  the  development  of  procedures  for  measuring  the  capacity 
of  one  agent  to  alter  the  toxicity  of  another  substance.  This  approach 
is  the  one  that  is  considered  most  feasible  to  detect  interactions  that 
may  be  caused  by  enzyme  induct  ion. 

The  initial  observation  that  certain  foreign  compounds  may  stimu- 
late microsomal  enzyme  activity  was  made  by  Drown,  Miller,  and 
Miller  (/)  and  extended  by  Conner,  Miller  and  Miller  (£)  who  demon- 
strated that  several  carcinogenic  hydrocarbons  stimulate  the  synthesis 
of  certain  oxidative  drug-metabolizing  enzymes  in  liver  microsomes. 
This  observation  was  followed  by  the  finding  (.?)  that  barbiturates 
induce  microsomal  enzyme  activity.  At  the  present  time  more  than 
200  drugs,  carcinogens,  |>esticides  and  other  chemicals  have  been 
ie|K>rted  to  cause  induction  of  microsomal  enzyme  activity.  This  sub- 
ject has  been  extensively  reviewed  by  Conney  (j)  and  the  classes  of 
chemicals  that  have  been  observed  to  cause  enzyme  induction  at  some 
dose  level  in  one  or  more  species  have  been  tabulated. 

The  ability  of  drugs  and  other  chemicals  to  induce  synthesis  of 
microsomal  enzymes  is  of  considerable  importance  in  connection  with 
j*$ticide  toxicology  since  the  toxicity  of  many  pesticides  would  be 
expected  to  be  altered  by  changes  in  tha  level  of  dnig-metabolizing 
enzymes  in  the  liver.  The  possible  practical  significance  of  drug- 
induced  increases  in  microsomal  enzyme  levets  in  connection  with 
alterations  in  pesticide  toxicity  is  difficult  to  evaluate  because  many  of 
the  observations  to  date  have  been  made  using  high  doses  of  the  drugs 
and  methodology  which  is  not  sufficiently  quantitative. 

Additional  interest  in  enzyme  induction  ns  it  relates  to  pesticide 
toxicology  followed  the  accidental  discover)*  that  chlordane  sprayed 
in  animal  rooms  caused  induction  of  drug-metabolizing  enzymes  ( 6 ), 
This  finding  had  greater  significance  than  many  of  the  observations 
using  high  doses  of  drugs  because  enzyme  induction  by  chlordane 
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occurred  under  practical  conditions  of  use  thus  demonstrating  thut 
enzyme  induction  can  occur  from  environmental  contamination.  The 
observation  that  clilordanc  causes  enzyme  induction  was  soon  followed 
bv  c.\|)etaiiiicnts  (0-1 1)  which  indicated  that  DDT  and  other  chlori- 
nated hydrocnrlxms  produce  this  effect.  No  other  class  of  i>ost icides 
has  been  demonstrated  to  resemble  chlorinated  hydrocarbons  in  |>otency 
us  enzyme  inducing  agents. 

The  organic  phosphate  insecticides  do  not  cause  enzyme  induction. 
Instead  some  of  these  compounds  have  been  reported  to  be  inhibitors 
of  microsomal  enzymes.  In  this  connection  Rosenberg  and  Coon 
(12)  found  that  organic  phosphates  prolong  hcxobarhital  sleeping 
time.  Welch  ct  al.  (13)  found  that  several  organic  phosphates  inhibit 
the  metabolism  of  testosterone  |>ossibly  by  serving  as  competitive 
substrates  for  microsomal  enzymes.  Recent  unpublished  experiments 
( 14 ) in  which  nearly  all  of  the  organic  phosphates  for  which  tolerances 
have  been  established  were  given  daily  to  mice  at  one-fifth  of  the  acute 
LI)*,  for  5 days  indicated  that  a few  of  these  compounds  caused 
moderate  inhibition  of  the  activity  of  two  microsomal  enzymes  but 
most  of  them  had  no  effect  on  d rug- metabolizing  enzymes.  It,  therefore* 
seems  reasonable  to  conclude  that  the  organic  phosphates  would  not 
inhibit  drug  metabolism  catalyzed  by  microsomal  enzymes  at  the 
levels  of  the  organic  phosphates  that  are  normally  in  the  environment. 

The.  toxicity  of  organic  phosphates  and  carbamates  is  altered  by 
exposure  of  animals  to  enzyme  inducing  agents.  In  nearly  all  cases 
this  interaction  renders  %1ic5e  anticholinesterases  less  toxic.  A recent 
study  of  the  effects  of  prelrentmeut  of  rats  and  mice  with  phenobar- 
bital  on  the  toxicity  of  Ifi  organic  phosphates  showed  that  the  enzyme 
inducer  either  Imd  no  effect  or  reduced  the  toxicity  except  for  one 
(octamethyl  pyrophosphoramide)  whose  toxicity  was  increased  (75). 
In  mice,  pentobarbital  increased  the  toxicity  of  two  orgnnophosphafes 
and  deceased  the  toxicity  of  three  organophosphates  and  two  car- 
bamates (20).  It  thus  seems  likely  that  ex|>osure  to  broad  spectrum 
inducers  such  as  phenoharhitnl  or  chlorinated  hydrocarbons  will  not 
often  increase  the  toxicity  of  organic  phosphates.  This  generalization 
apparently  cannot  lx*  extended  to  the  more  selective  inducers  because 
enzyme  induction  by  Tmethylcholanthrene  increases  the  toxicity  of 
Guthion  (10)  prolatlriy  Itfoause  of  acceleration  of  the  activation 
procession  grcaterextenf  than  detoxification. 

The  snlrstitulcd  urea  herbicides  represent  another  class  of  j)osticides 
that  cause  induction  of  hepatic  microsomal  enzymes  (17,  18).  How- 
ever. the  no  effret  dietary  level  for  enzyme  induction  by  these  com- 
|k>uiu|s  ap|K>ars  to  1*  between  loo  p.p.ni.  and  2oO  p.p.m.  and  their 
l»otencv  as  enzyme  inducers  is,  therefore,  much  less  than  that  of  the 
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chlorinated  hydrocarbons.  Enzyme  induction  has  not  yet  been  observed 
with  most  other  types  of  pesticides.  Some  of  the  compounds  that  have 
been  considered  for  use  ns  chemosterilant  insecticides  would  be  ex- 
pected to  decrease  the  activity  of  hepatic  microsomal  enzymes  since 
alkylating  agents  {19)  are  inhibitors  of  microsomal  enzymes  in  vivo 
probably  through  inhibition  of  protein  synthesis. 

The  number  of  drugs  and  other  chemical  agents  that  cause  enzyme 
induction  is  impressive  but  the  percentage  of  chemicals  used  for  all 
purposes  that  produce  this  effect  is  unknown  because  negative  results 
are  usually  not  reported.  In  a survey  of  a large  number  of  miscellane- 
ous industrial  chemicals,  pesticides,  and  drugs  being  conducted  at  the 
present  time  {20)  by  repeated  parenteral  administration  of  sublethal 
doses  to  rats  and  mice  enzyme  induction  has  been  a rare  occurrence. 

The  incidence  of  enzyme  induction  among  pesticides  is  nevertheless 
sufficiently  high  to  warrant  consideration  of  this  effect  in  the  toxico- 
logical evaluation  of  new  pesticides.  It  is  recommended  that  tests  for 
enzyme  induction  be  made-  part  of  the  required  studies  on  all  new 
pcstieidal  chemicals.  Since  many  pesticides  are  used  not  only  on  agri- 
cultural crops  but  also  in  a variety  of  formulations  for  household  and 
other  uses,  the  initial  tests  for  enzyme  induction  could  be  done  using 
doses  higher  than  those  to  which  exposure  would  occur  under  any 
condition  of  normal  usage.  Enzyme  induction  is  a dose-related  effect. 
If  no  induction  occurs  with  repeated  high  doses  no  further  considera- 
tion would  need  be  given  to  the  possibility  of  interactions  due  to 
enzyme  induction  at  lower  doses. 

If  enzyme  induction  is  observed  in  the  initial  tests  with  high  doses 
of  a pesticide,  it  is  important  to  ascertain  dose-response  relationships 
for  the  effect.  Quantitative  measurements  of  enzyme  induction  should 
be  mode  during  the  subacute  or  chronic  experiments  as  port  of  the 
toxicological  evaluation  unless  separate  experiments  of  a short-term 
type  at  described  abore  have  shown  that  the  chemical  agent  is  not 
capable  of  producing  this  effect. 

Relatively  little  attention  has  been  given  to  measurements  of  the 
no  effect  dietary  level  for  pesticides  that  cause  induction,  although 
this  information  is  essential  for  determining  whether  or  not  enzyme 
induction  could  occur  from  the  permissible  and  the  actual  levels  in 
food.  This  type  of  study  has  been  done  with  DDT  and  toxaphene  by 
measuring  the  effects  of  various  dietary  levels  on  the  activity  of  three 
microsomal  enzymes  {21).  Dose-related  increases  in  activity  of  the 
enzymes  was  observed  and  the  lowest  dietary  levels  that  caused  a 
significant  induction  of  one  or  more  of  the  enzymes  was  1 p.p.m.  of 
DDT  and  ft  p.p.m.  of  toxaphene.  The  theoretical  intake  of  DDT  cal- 
culated from  major  U.8,  tolerances  for  the  period  of  1644  to  1667  was 
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6.79  mg.  per  day  and  the  actual  intake  in  the  U.S.  total  dief,  for  that 
period  was  0.037  mg.  per  day  (00).  Both  of  these  levels  are  below 
those  needed  to  produce  enzyme  induction  in  rats  on  an  equivalent 
weight  basis. 

There  is  need  for  quantitative  data  on  enzyme  induction  by  low 
dietary  levels  of  other  chlorinated  hydrocarbons.  Such  measurements 
are  in  progress  for  chlordane,  gamma  chlordane,  heptachlor,  endrin, 
aldrin,  dieldrin,  methoxychlor,  lindane,  and  heptachlor  epoxide  fed 
at  various  levels  in  the  diet  to  rats  (03).  Other  experiments  arc  in 
progress  which  indicate  (0b)  that  a dietary  level  of  0.5  p.p.m.  of 
dieldrin  increases  the  metabolism  of  6chloro-17-ncdoxy  progesterone 
in  dogs. 

The  extent  to  which  additive  induction  is  obtained  by  combinations 
of  chlorinated  hydrocarbons  and  bv  chlorinated  hydrocarbons  plus 
drugs  is  a logical  extension  of  work  on  individual  compounds.  Infor- 
mation of  this  type  is  needed  before  a final  judgment  can  l>o  made 
concerning  the  significance  of  the  total  intake  of  enzyme  inducers  from 
the  standpoint  of  interactions. 

In  view  of  the  large  number  of  different  typos  of  chemicals  that 
are  used  as  pesticides  or  that  might  be  developed  for  that  purpose  in 
the  future,  more  research  aimed  at  finding  ways  to  predict  enzyme 
induction  on  a structure-activity  basis  is  needed. 

Species  differences  in  response  must  be  considered  in  the  extra pola- 
(ion  of  enzyme  induction  data  obtained  on  experimental  animals  to 
man.  More  research  is  needed  to  establish  quantitative  and  qualitative 
criteria  to  indicate  similarities  cu\d  differences  in  drug  metabolism 
in  various  species.  The  extent  to  which  the  low  levels  of  microsomal 
enzyme  activity  in  extrahefyatie  tissues  such  as  lung,  gastrointestinal 
tract , Kidney^  and  adrenal  cortex  is  induced  by  pesticides  should  be 
studied. 

Accomplishment  of  much  of  the  needed  research  is  dependent  upon 
appropriate  methodology.  Methodology  applicable  to  human  studies  is 
especially  needed.  In  general,  enzyme  induction  can  bo  demonstrated 
by  measuring  (a)  levels  of  microsomal  enzymes  in  liver  preparations, 

(b)  duration  of  action  of  drugs  known  to  be  metabolized  by  micro* 
somal  enzymes  such  as  liexobarbitnl,  phenylbutazone  and  anlipyrinc, 

(c)  urinary  excretion  of  natural  substrates  such  as  ascotbic  acid  and 
O b-hydroxycortisol,  and  (d)  changes  r.  liver  weight  and  hepatic 
endoplasmic  reticulum.  All  of  these  measurements  are  concerned  with 
the  end-result  of  a biochemical  process  which  is  not  yet  understood 
at  the  molecular  level.  Thus  there  are  probably  more  limitations  to 
their  predictive  value  than  would  I*  the  rase  if  direct  measurement 
could  be  made  of  the  tractions  affected.  For  example,  some  organic 
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compounds  containing  trifluoromcthyl  groups  selectively  induce  O-de- 
methylase  activity  without  causing  detectable  changes  in  liver  weight 
and  without  affecting  the  metabolism  of  drugs  by  other  microsomal 
enzymes  (25),  More  research  is  needed  on  the  development  of  prac- 
tical quantitative  methodology  for  measuring  enzyme  induction  in 
animal 8 and  man.  Consideration  should  be  given  to  the  development 
of  model  substrates  with  low  toxicity  whose  metabolic  produets  can 
be  easily  measured.  Substrates  of  this  type  would  be  extremely  useful 
for  measuring  enzyme  induction  in  man  by  following  the  rate  of 
appearance  of  metabolites  in  the  blood.  They  would  also  be  useful  in 
chronic  animal  toxicity  tests  where  periodic  tests  for  enzyme  induction 
seem  desirable  in  view  of  the  tendency  of  some  chemicals  to  produce 
an  initial  marked  induction  followed  by  a return  toward  normal  levels 
(21),  A worthwhile  goal  would  be  the  development  of  methodology 
for  measuring  enzyme  induction  that  could  be  applied  as  readily  as 
the  standard  liver  function  tests.  When  a suitable  method  is  available 
for  determining  the  level  of  enzyme  induction  in  man,  monitoring 
studies  should  be  conducted  on  individuals  exposed  in  the  manufacture 
and  application  of  pesticides.  Whereas  dietary  levels  of  chlorinated 
hydrocarbons  do  not  appear  to  be  high  enough  to  induce  microsomal 
enzymes,  there  is  insufficient  quantitative  data  to  form  a conclusion 
regarding  induction  from  occupational  exposure. 


SUMMARY 


The  ability  of  some  pesticides,  especially  the  chlorinated  hydro- 
carbons, to  induce  hepatic  microsomal  drug-metabolizing  enzymes 
lias  been  well  established  in  both  experimental  animals  and  human 
beings.  Thus,  there  is  a possibility  that  practical  levels  of  these  pesti- 
cides could  cause  interactions  by  altering  the  rate  of  metabolism  of 
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practical  dose  levels  can  be  estimated.  Additional  research  is  needed 
on  methodology  for  measuring  enzyme  induction  in  various  species 
and  especially  in  man. 
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Pesticide  Interactions  at  the  Taroet  Level 

As  indicated  in  the  intoduction  to  this  report,  the  Committee  focused 
attention  on  mechasims  of  established  importance  as  a cause  of  pesti- 
cide interactions.  It  was  concluded  that  interactions  at  the  target  or 
receptor  level  were  among  those  for  which  there  is  no  documented 
evidence.  However,  there  have  been  two  claims  that  interactions  involv- 
ing insecticides  result  from  events  occurring  at  the  central  level.  It 
was,  therefore,  considered  necessary  to  present  the  reasons  for  the  opin- 
ion that  interactions  at  the  target  level  have  not  been  adequately 
demonstrated. 

In  1962  Karczmar  (J ) reported  that  when  EPN  was  given  after 
malathion  synergism  still  occurred  and  he  doubted  whether  under  these 
delayed  conditions  the  effect  could  be  attributed  to  blockade  by  EPN 
of  malathion  metabolism.  However,  this  opinion  ignored  the  possibility 
that  there  was,  at  the  time  of  administration  of  EPN,  enough 
malathion  left  to  produce  a toxic  effect  in  which  case  blockade  of  its 
degradation  would  be  expected  to  give  rise  to  synergism.  Later 
Karczmar  et  at.  (£)  showed  that  in  dogs  and  cats,  EPN  and  malathion 
were  synergistic  with  respect  to  promptly  elicited  effects  on  the  neuro- 
muscular junction  and  the  brain  (as  judged  by  their  own  electro- 
encephalogram recordings).  They  postulated  either  a joint  effect  upon 
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the  receptor  or  a “sensitization”  of  cholinesterase  by  one  of  tlio  com- 
pounds. Although  the  purity  of  the  sample  of  malathion  used  in  these 
studies  was  not  stated,  the  in  vitro  anticholinesterase  activity  reported 
for  the  compound  (8X  10'W)  indicates  that  it  was  extremely  impure. 
The  interpretations  placed  on  these  findings  by  Karczmar  have  not 
been  accepted  by  others  (J).  It  seems  especially  unlikely  that  for  this 
pair  of  compounds,  for  which  such  ample  evidence  exists  that  the  inter- 
action is  due  to  EPN  blockade  of  degradation,  effects  occur  at  the  level 
of  the  receptor. 

It  is  extremely  difficult  to  imagine  a mechanism  by  which  two  in- 
hibitors acting  upon  a single  target,  whether  it  is  cholinesterase  or  a 
receptor,  can  synergizo  each  other.  As  in  the  strictly  parallel  case  of  the 
action  of  one  enzyme  upon  two  substrates,  the  interactions  can  only  be 
additive  or  antagonistic.  However,  the  possibility  of  synergism  could 
arise  with  two  compounds  whose  final  effects  are  upon  a single  system 
yet  mediated  through  two  different  mechanisms.  One  plausible  pos- 
sibility would  be  an  axonie  agent  (for  instance  a chlorinated  hydro- 
carbon) which  gave  rise  to  hyper-excitability  of  the  axon  and  there- 
fore enhanced  release  of  transmitter  substance  such  as  acetylcholine  at 
the  synapse;  coupled  with  an  anticholinesterase  agent  which  impaired 
the  ability  for  acetylcholine  destruction  at  the  synapse.  The  possibility 
of  such  an  interaction  has  not  been  explored  in  any  detail,  and  it  cer- 
tainly deserves  a modest  research  effort.  The  only  relevant  observation 
in  the  literature  is  that  of  Ball  et  a! . (4)  and  Crevier  et  ah  (5)  who 
found  a contrary  effect.  After  feeding  aldrin,  chlordane,  or  lindane 
there  was  marked  protection  of  rats  against  subsequent  parathion 
poisoning.  It  is  now  believed  (0)  that  th;s  effect  was  due  to  stimulation 
of  the  liver  microsomal  enzymes  by  the  chlorinated  hydrocarbons. 
Consequently,  such  experiments  do  not  provide  the  ideal  context  in 
which  one  might  observe  synergism  at  the  target  level. 

SUMMARY 

No  cases  of  interaction  at  the  target  level  have  ever  been  satisfac- 
torily demonstrated.  The  possibility  of  such  interaction  may  always 
exist,  but  until  demonstrated  it  cannot  be  a significant  factor  in  evalua- 
tion of  health  hazards.  No  special  search  was  made  for  carcinogenic 
or  mutagenic  effects  of  interaction  at  the  target  level. 
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Relation  or  Interactions  to  Tissue  Storage  of  Persistent 

Pesticides 

The  storage  and  elimination  of  pesticides  from  tissues  is  a process 
that  can  be  affected  by  the  ability  of  pesticides  or  other  chemicals  to 
stimulate  or  inhibit  the  detoxification  processes  discussed  in  the  first 
two  sections  of  this  report.  For  this  reason  it  was  considered  important 
to  include  information  on  the  effects  of  interactions  on  the  storage  of 
pesticides  in  tissues. 

In  recent  years  a considerable  amount  of  information  has  been  ob- 
tained regarding  the  occurrence  in  human  tissues  of  small  residues  of 
several  of  the  more  persistent  pesticides,  particularly  those  compris- 
ing the  organochlorine  insecticides  and  their  several  metabolic  prod- 
ucts. Among  the  most  important  materials  in  this  group  are  p,p'-DDT, 
p,p'-DDD,  p,p'-DDE,  o,p'-DDT,  the  isomers  of  BHC,  and  the  cy- 
clodienes, dieldrin  and  heptachlor  epoxide.  Of  the  total  chlorinated 
organic  residues  found  in  consumer  products  during  the  years  1966- 
68,  DDT  and  its  analogs  constituted  approximately  67  percent,  while 
lindane  (y-BHC),  dieldrin  and  heptachlor  epoxide  combined,  contrib- 
uted an  additional  12  percent  (1).  This  section  of  the  report  will, 
therefore,  be  concerned  largely  with  these  particular  pesticides.  Ap- 
pendix A reviews  the  status  of  information  about  tissue  levels  of 
these  pesticides  as  a function  of  intake.  The  occurrence  of  significant 
tissue  residues  of  most  other  groups  of  commercial  pesticides  such  as 
the  carbamates  and  organophosphates  is  in  general  obviated  by  thoir 
iupid  biodegradation  and  subsequent  elimination  from  the  body.  These 
compounds  will,  therefore,  not  be  given  further  consideration. 

Effects  of  interaction  on  pesticide  storage . Much  of  the  present  data 
on  storage  of  the  organochlorine  pesticides  has  been  obtained  from 
controlled  laboratory  experiments  in  which  animals  or  human  volun- 
teers have  been  exposed  to  known  amounts  of  a single  pesticide.  Al- 
though the  results  of  such  investigations  are  often  extremely  useful, 
the  fact  that  the  population  is  presently  subject  to  simultaneous  ex- 
posure to  a combination  of  many  drugs,  pesticides,  air  pollutants,  food 
additives  and  cosmetics,  raises  questions  regarding  the  possibility  of 
interactions  between  these  various  synthetic  chemicals.  Furthermore, 
in  assessing  potential  hazards  it  is  important  to  consider  the  possi- 
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bility  of  storage  interaction  in  those  members  of  the  population  under 
various  types  of  physiological  stress,  such  as  those  resulting  from 
weight  toss  or  surgical  procedures. 

Interactions  could  atlect  either  the  rate  of  accumulation  of  pesticides 
ill  the  tissues,  t lie  steady  state  level,  or  the  rate  at  which  tisue  deple- 
tion occurs  following  termination  of  exposure.  It  should  be  made  clear 
from  the  outset  that  very  little  data  are  available  on  interactions  in- 
volving storage. 

The  concentration  of  organochlorine  pesticides  in  human  tissue  re- 
sults from  a dynamic  equilibrium  involving  on  one  hand  the  rate  and 
level  of  intake,  and  on  the  other,  the  rate  of  metabolism  and/or  elimi- 
nation. Consequently,  interactions  which  either  increase  the  effective 
intake  or  which  decrease  the  rate  of  metabolism  could  conceivably 
increase  the  steady  state  levels  in  the  tissues. 

The  intake  of  a pesticide  can  be  modified  for  example  by  the  type 
of  formulation  in  which  it  is  dispersed,  and  interaction  with  various 
spray  additives  such  as  emulsifiers,  surface  active  agents  and  organic 
solvents  could  be  particularly  significant  in  determining  tissue  ac- 
cumulations in  the  occupationally  exposed.  It  is  also  possible  that 
interactions  of  pesticide  residues  with  detergents  used  in  the  home 
could  lead  to  enhanced  absorption  of  ingested  materials  from  the  ali- 
mentary tract  by  the  general  population  and  indeed  surface  active 
agents  have  been  found  to  increase  the  oral  toxicity  of  DDT  and 
other  insecticides  to  the  rat  (£).  The  nonionic  wetting  agent  “Tween 
20’’  has  been  shown  to  increase  tissue  levels  of  the  /J-isomer  of  MIC  in 
rats  fed  on  a diet  containing  relatively  high  levels  of  a combination  of 
these  materials  (3*  4),  It  was  also  shown  that  the  level  of  storage  in- 
creased with  the  percentage  of  fat  in  the  diet  and  it  was  concluded 
that  the  increased  storage  of  y-BHC  was  due  to  an  enhanced  gastro- 
intestinal absorption.  At  trace  residue  levels,  it  seems  probable  that 
efficient  absorption  takes  place  and  dietary  variation  would  not  sig- 
nificantly increase  absorption  or  storage.  However,  no  direct  evidence 
is  available  to  support  this  conclusion. 

Many  household  pesticide  formulations  contain  insecticide  synergists 
of  the  methylenedioxyphenyl  type  which  are  added  to  enhance  the 
insecticidal  action  of  the  py rethrum  insecticides.  As  discussed  else- 
where in  this  report  synergists  of  this  type  are  able  to  inhibit  the 
hepatic  microsomal  enzymes  that  are  largely  responsible  for  insecticide 
detoxification.  Consequently,  in  the  case  of  a material  which  must 
undergo  microsomal  modification  before  excretion  from  the  body  the 
presence  of  a synergist  residue  could  conceivably  prevent  the  elimina- 
tion and  result  in  enhanced  tissue  levels.  The  currently  limited  com- 
mercial use  of  insecticide  synergists  (household  formulations)  and 


probably  insignificant  residue  levels  make  this  type  of  interaction 
unlikely  at  the  present  time.  However,  in  the  event  of  the  possible 
widespread  application  of  insecticide  synergists  to  agricultural  crops 
at  some  future  time  and  the  possibility  of  the  development  of  more 
stable  synergists]  such  interactions  should  be  considered . Information 
shoidd  then  be  obtained  on  the  effect  of  insecticide  synergists  on  tissue 
levels  of  persistent  pesticides . 

A considerable  amount  of  work  has  been  carried  out  in  recent  years 
on  the  storage  interactions  of  combinations  of  organochlorine  insect!* 
cides,  particularly  dieldrin  and  DDT.  Simultaneous  feeding  of  vats 
with  dieldrin  and  DDT  was  observed  to  have  a marked  effect  in  de- 
creasing the  levels  of  dieldrin  storage  in  the  tissues  (5,  6,  7)  and  this 
has  subsequently  been  found  to  occur  with  all  of  the  cyclodienes  in- 
vestigated. Similar  but  less  marked  effects  have  also  been  observed 
with  DDE,  DDD,  and  DDMU.  In  combination  with  50  p.p.in.  of  DDT 
the  levels  of  dieldrin  and  heptachlor  (fed  at  1 p.p.m.  in  the  diet)  in 
rat  adipose  tissue  were  reduced  by  factors  of  15  and  11  respectively  as 
compared  with  the  controls.  Significant  reduction  of  dieldrin  storage 
was  also  observed  with  DDT  at  5 p.p.m.  A greater  relative  response  in 
terms  of  dieldrin  storage  results  from  both  low  dieldrin  dosages  and 
higher  levels  of  DDT.  It  is  suggested  that  significant  interaction  might 
be  expected  to  occur  at  dietary  levels  of  0.5  to  1.0  p.p.m.  of  DDT  and 
0.1  p.p.m.  of  dieldrin  (7).  Although  these  levels  are  considerably 
greater  than  the  present  total  daily  intake  figures  for  the  general  popu- 
lation (total  diet  studies)  they  are  of  the  same  order  as  the  estimated 
tolerance  levels  established  by  the  FDA,  and  could  certainly  fall 
within  the  levels  resulting  from  occupational  exposure. 

It  has  been  suggested  that  the  mechanism  through  which  these 
storage  interactions  occur  might  involve  microsomal  enzyme  induction 
(7)  which  would  result  in  a stimulation  of  metabolism  and  a conse- 
quent enhancement  of  the  rate  of  elimination  of  pesticides  from  the 
body.  Many  of  the  chlorinated  hydrocarbons  are  potent  inducers  of 
liver  microsomal  enzymes  (£,  9)  and  DDT  is  reported  to  be  one  of  the 
most  potent  in  this  respect  (JO).  Certainly  the  depletion  of  dieldrin 
from  the  tissues  following  administration  of  DDT  is  associated  with 
an  enhanced  excretion  of  hydrophilic  products  of  dieldrin  metabolism 
in  both  the  urine  and  feces  (7,  11).  The  effect  of  DDT  on  dieldrin 
storage  was  observed  to  become  maximal  after  about  3 days  and  was 
maintained  at  this  level  for  up  to  10  weeks  with  continued  administra- 
tion of  DDT,  thus  indicating  the  establishment  of  a new  steady  state 
level  in  the  tissues.  Following  the  termination  of  exposure  to  DDT  the 
effect  on  dieldrin  tissue  levels  persisted  for  more  than  6 weeks  (7). 

In  addition  to  its  effects  on  the  storage  levels  of  dieldrin  and  other 
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cyclodienes,  DDT  has  been  shown  to  change  the  metabolism  of  lindane 
(7)  and  of  DDT  itself  {12)  and  it  is,  therefor,  probable  that  metabolic 
interactions  of  this  type  could  play  a significant  role  in  determining  or 
modifying  the  steady  state  storage  levels  of  these  materials. 

Furthermore,  it  has  been  shown  that  ft  number  of  drugs  including 
phenobarbital  {13) , aminopyrine,  phenylbutazone,  tolbutamide  and 
chlorpromazine  (7)  all  of  which  can  induce  microsomal  enzymes,  are 
similarly  able  to  significantly  reduce  the  observed  levels  of  dieldrin 
storage.  The  one  major  question  which  challenges  the  suggestion  that 
microsomal  enzyme  induction  by  DDT  is  the  sole  cause  of  accelerated 
dieldrin  depletion  is  the  repeated  failure  of  inhibitors  of  protein 
synthesis  to  inhibit  the  process  (7).  Both  ethionine  and  actinomycin  D 
are  inhibitors  of  protein  synthesis  and  have  been  found  to  inhibit  DDT 
induction  of  microsomal  enzymes  (74) . 

Much  of  the  currently  available  data  on  insecticide  interactions  and 
microsomal  enzyme  induction  have  been  obtained  from  investigations 
with  laboratory  rodents.  That  species  differences  may  exist,  particu- 
larly with  regard  to  storage  interactions,  should  not  be  overlooked. 
This  is  emphasized  by  the  results  recently  reported  by  Deichmann 
el  al.  {16)  who  investigated  storage  interactions  in  dogs  fed  on  diets 
containing  aldrin  and  DDT  either  alone  or  in  combination.  These 
workers  found  that  tissue  levels  of  dieldrin  remained  essentially  the 
same  in  dogs  fed  for  10  months  on  a diet  containing  either  Of  mg./kg. 
of  aldrin  or  a combination  of  0.3  mg./kg.  of  aldrin  and  12  mg./kg.  or 
aldrin  and  12  mg./kg.  of  DDT.  These  results  are  in  marked  contrast 
to  those  obtained  by  Street  (7)  using  rats.  Deichinan  el  al.  {15)  also 
investigated  the  effect  of  aldrin  on  the  tissue  retention  of  DDT.  Dogs 
fed  for  a period  of  10  months  on  a diet  containing  24  mg./kg.  of  DDT 
had  tissue  levels  of  this  material  of  547  p.p.m.  Dogs  fed  on  a diet  con- 
taining 12  mg./kg.  of  DDT  plus  0.3  mg./kg.  of  aldrin,  however,  had 
a considerably  higher  tissue  concentration  of  1,290  p.p.m.  of  DDT 
after  a similar  10-month  period.  Although  at  a much  lower  level,  DDE 
in  the  tissues  of  dogs  showed  a similar  pattern.  The  results  of  pre- 
liminary investigations  on  the  concentration  of  DDE  in  the  blood  of 
human  volunteers  fed  for  2 years  with  211  ng.  of  dieldrin  per  day 
have  shown  no  significant  decrease  in  DDE  levels  during  t his  time 
{16).  This  is  not  entirely  unexpected,  however,  since  it  is  unlikely 
that  DDE  levels  would  be  affected  by  microsomal  enzyme  induction. 
Neither  the  foi. nation  of  DDE  from  DDT  nor  the  subsequent  metabo- 
lism of  DDE  itself  are  known  to  be  carried  out  by  microsomal  enzymes. 
The  relevance  of  these  contrasting  data  to  man  is  not  known,  and 
more  research  should  be  carried  out  in  this  area. 

Some  possible  beneficial  effects  from  enzyme  induction  have  recently 


been  recognized  and  are  currently  being  investigated  by  R.  ML  Cook 
and  colleagues  at  Michigan  State  University.  Using  nonpersistent 
drugs  such  as  phenobarbital,  it  has  been  found  possible  to  flush  out  of 
animals  relatively  high  concentrations  of  persistent  organochlorinc 
pesticides  such  as  dieldrin.  A successful  application  of  this  technique 
lias  recently  been  imported  (17)  in  which  a dairy  herd  was  accidentally 
exposed  to  aldrin-contaminated  feed.  Treatment  of  the  cows  with 
2 lbs.  of  activated  charcoal  per  day  plus  5 g.  of  phenobarbital  resulted 
in  a marked  decrease  of  dieldrin  in  only  39  days.  Other  experiments 
along  these  lines  are  currently  in  progress  (/4). 

There  is  also  recent  evidence  that  inducers  such  as  phenobarbital 
may  have  considerable  therapeutic  potential  for  decreasing  the  levels 
of  chlorinated  hydrocarbons  in  humans,  and  may  be  particularly  use- 
ful in  cases  of  accidental  poisonings.  A report  by  Davies  et  at.  (19) 
indicates  that  patients  taking  the  anticonvulsant  drugs  phenobarbital 
andphenytoin  (diphenylhydantoin)  for  periods  longer  than  3 months 
had  strikingly  lower  blood  levels  of  DDE  than  the  general  population. 
Healthy  controls,  not  taking  the  drugs  had  a mean  concentration  of 
9.1  p.p.b.  of  DDE  in  the  blood,  compared  with  levels  of  3.5  and  1.0 
p.p.b.  respectively  in  outpatients  taking  phenobarbital  and  phenytoin 
alone  and  1.7  for  those  patients  taking  both  drugs.  Levels  of  DDT- 
derived  materials  in  the  adipose  tissues  of  severely  retarded,  non- 
ambulant  inpatients  not  taking  drugs  indicated  a mean  value  of  2.70 
p.p.m.,  whereas  similar  patients  undergoing  regular  anticonvulsant 
therapy  with  one  or  both  of  the  above  drugs  had  a mean  tissue  level 
of  only  0.17  p.p.m.  The  mechanism  of  this  effect  is  suggested  to  be 
enzyme  induction,  although  as  previously  suggested  it  seems  unlikely 
that  DDE  is  metabolized  by  the  microsomal  enzymes.  The  fact  that 
phenobarbital  is  a known  antidote  for  acute  DDT  poisoning  is  inter- 
esting in  that  it  may  have  a dual  effect,  acting  not  only  to  suppress 
tho  acute  central  symptomology  of  DDT  action,  but  also  aiding  the 
body  in  eliminating  the  material. 

Physiological  interactions. — It  has  been  suggested  (20)  that  toxic 
symptoms  could  result  from  an  increase  in  dieldrin  in  the  body  tissues 
following  weight  loss  through  either  sickness,  dieting,  or  increased 
catabolism  in  response  to  injury.  This  phenomenon  was  first  demon- 
strated by  Fitzluigh  and  Nelson  (21)  in  rats  starved  completely  after 
being  fed  diets  containing  600  p.p.m.  of  DDT.  Subsequent  investiga- 
tion (22)  showed  that  partial  starvation  of  rats  fed  DDT  at  a rate  of 
200  p.p.m.  in  the  diet  led  to  increased  levels  of  DDT-derived  material 
in  all  tissues  resulting  from  the  mobilization  of  body  fat.  The  above 
studies  were,  of  course,  carried  out  with  intakes  of  DDT  several  orders 
of  magnitude  greater  than  those  encountered  in  pesticide  residues. 
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Recent  evidence  {10,  23, 24)  indicates  that  neither  surgical  stress  nor 
complete  starvation  causes  any  significant  changes  in  the  levels  of 
dieldrin  in  human  blood  in  spite  of  considerable  losses  in  the  body 
depot  fat. 

In  the  case  of  the  lipophilic  orga nochlorine  compounds  it  is  probable 
that  absorption  of  the  materials  from  the  intestine  can  be  increased  in 
combination  with  high  fat  diets.  Fra w ley  ( 3 , 4)  showed  that  storage 
of  y-BHC  by  rats  fed  on  a diet  of  8-percent  fat  was  consistently  2 
to  3 times  that  in  rats  fed  on  a 5 percent  fat  diet. 

The  effects  of  other  nutritional  factors  on  the  storage  levels  of  pes- 
ticides in  body  tissues  have  received  little  attention.  Storage  of  dieldrin 
in  the  tissues  of  vitamin  A-deficient  rats  has  been  found  to  be  almost 
double  the  storage  in  controls  (7)  and  Street  suggests  that  this  may 
result  from  an  impairment  of  microsomal  enzyme  activity. 

SUMMARY 

Small  residues  of  the  persistent  organochlorinc  pesticides  and  their 
metabolites  are  found  in  the  body  tissues  of  humans.  The  actual  levels 
occurring  reflect  a dynamic  equilibrium  between  the  degree  (level 
and  duration)  of  exposure  and  the  rate  of  elimination  from  the  body. 
In  the  general  population  it  appeal's  that  a steady  state  equilibrium 
lias  been  established  and  this  is  likely  to  be  maintained  under  current 
patterns  of  pesticide  usage.  These  low  levels  of  tissue  residues  are  un- 
likely to  present  any  hazard  to  the  general  population.  In  view  of  the 
large  number  of  chemicals  to  which  man  is  currently  exposed,  the  oc- 
currence of  pesticide-pesticide,  pesticide-drug,  or  pesticide-^”  inter- 
actions with  regard  to  tissue  storage  are  possible,  but  from  the  in- 
formation currently  available  this  does  not  seem  to  constitute  any 
cause  for  concern.  Storage  levels  of  the  organiehlorine  pesticides  could 
be  increased  in  combination  with  residues  of  detergents  through  facil- 
itated absorption  from  the  gut,  and  residues  of  insecticide  synergists 
could  result  in  increased  storage  levels  as  a result  of  inhibition  of  the 
microsomal  enzymes.  There  is  a greater  probability  that  interactions 
could  lead  to  a depletion  of  tissue  storage  levels  through  the  induction 
of  microsomal  enzyme  activity  and  consequent  enhancement  of  pesti- 
cide elimination.  The  use  of  short  lived  drugs  for  inducing  liver  micro- 
somal enzymes  lias  therapeutic  potential  for  clearing  persistent  resi- 
dues from  animal  and  human  tissues. 

If  the  use  of  insecticide  synergists  increases,  information  should  be 
obtained  on  the  effect,  if  any,  on  storage  levels  of  organochlorine 
pesticides.  Information  should  be  obtained  on  microsomal  enzyme  in- 
duction in  man  and  its  effect,  if  nny,  on  storage  levels  of  persistent 
pesticides  in  human  tissues.  Further  work  should  l>e  encouraged  on 


the  effect  of  storage  by  combinations  of  pesticides  with  household 
detergents. 
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Exogenous  Physical  Factors  Influencing  Pesticide  Toxicity 

Most  of  the  available  information  on  pesticide  interactions  concerns 
the  ability  of  one  chemical  agent  to  modify  the  toxicity  of  another  one 
by  the  mechanisms  discussed  in  previous  sections  of  this  report.  How- 
ever, there  is  growing  recognition  that  physical  environmental  factors 
such  as  temperature  or  even  social  factors  (crowding)  can  also  modify 
responses  to  pesticides.  Whether  such  modifications  constitute  an  ex- 
ample of  pesticide-physical  factor  interaction  in  the  same  sense  as 
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occurs  with  pesticidc-chemical  factor  interactions  depends  in  part  on 
the  magnitude  of  the  effect  and  in  part  on  how  interaction  is  defined 
(potentiation  versus  additive  effects,  reciprocal  versus  one-way  actions, 
etc.) . It  is  evident , however,  that  in  evaluating  the  hazards  of  pesticide 
exposure,  consideration  must  be  given  to  the  possibility  that  these 
hazards  can  be  influenced  by  variation  in  the  physical  as  well  as  the 
chemical  factors  of  the  environment.  For  this  reason  the  present  status 
of  this  aspect  of  pesticide  toxicology  was  considered  worthy  of  inclu- 
sion in  this  report. 

The  two  physical  factors  in  our  environment  that  have  been  shown 
to  be  capable  of  altering  the  response  to  subsequent  pcsticido  exposure 
are  temperature  and  radiation.  Diet  is  another  exogenous  factor  that 
1ms  been  included  in  this  discussion  because  of  the  possibility  that  its 
physical  characteristics  may  influence  pesticide  response.  However, 
the  majority  of  its  known  effects  are  related  to  chemical  properties 
such  as  alteration  of  the  nutritional  status  of  the  subjeci,  or  the  pres- 
ence of  food  additives  or  othci  chemicals. 

Diet . The  feeding  of  low  protein  diets  to  rats  lias  been  reported  to 
increaso  susceptibility  to  the  acute  toxic  effects  of  captan,  lindane, 
dieldrin,  and  chlordane  but  not  to  DDT  (1-5).  Similar  effects  have 
been  observed  with  the  anticholinesterase  insecticides  banol  and 
parathion  (4).  These  effects  were  of  sufficient  magnitude  in  the  studies 
with  captan  (where  there  was  a 25-fold  decrease  in  the  acute  oral 
LDi0)  to  cause  Boyd  and  Krijnen  to  suggest  (/)  caution  in  the  use  of 
this  agent  in  countries  where  the  diet  is  low  in  protein.  Dieldrin  and 
DDT  appear  to  accentuate  the  effects  of  a diet  deficient  in  the  essential 
fatty  acids  in  the  rat  (0,  7)  whereas  an  increase  in  the  fat  content  of 
the  diet  increased  the  storage  and  the  acute  toxicity  of  benzene  hexa- 
chloride  (8)  and  altered  the  erythrocyte  cholinesterase  inhibiting 
ability  of  parathion  (9).  On  the  other  hand,  dieldrin  partially  pro 
lects  rats  against  the  effects  of  thiamine  deficiency  but  does  not  protect 
against  the  deficiency  symptoms  of  riboflavin  and  pyridoxine  (10, //). 

Possible  mechanisms  for  the  effect  of  these  dietary  variations  on 
insecticide  toxicity  include  a reduced  formation  of  the  detoxifying 
enzymes  as  a direct  result  of  the  low  protein  diet  or  a pesticide- induced 
stimulation  of  the  enzymes  that  desat urate  fatty  acids  in  the  low  fat 
diet  situation.  Recent  studies  by  Kato  (12)  have  shown  that  sex 
differences  which  exist  in  the  drug-metabolizing  processes  of  rats 
fed  high  protein  diets  are  reduced  when  the  animals  are  fed  low  pro- 
tein diets.  A more  general  mechanism  for  the  effects  of  dietary  varia- 
tion on  pesticide  response  is  that  the  dietary  restrictions  and/or  the 
pesticide  exposure  represent  stress  situations  and  the  resultant  inter- 
actions  are  due  to  steroid-mediated  effects  on  the  microsomal  enzyme 


systems.  The  enhanced  toxicity  of  benzene  , wide  in  the  rats  fed 

a high  fat  diet  can  be  attributed  to  incre,  -a  intestinal  absorption 
and  this  effect  can  be  increased  further  by  the  addition  of  a synthetic 
emulsifier  to  the  diet  {IS). 

Temperature.  Rats  fed  nalathion  in  the  diet  have  been  reported  to 
have  a reduced  ability  to  withstand  the  effects  of  exposure  to  a cold 
environment  (H)  whereas  a warm  environment  was  observed  to  in- 
crease the  toxicity  of  parathion  in  rats  (15)  and  sarin  in  monkeys 
( 16 ).  Since  the  organophosphate  insecticides  ns  well  as  other  cholines- 
terase inhibitors  have  been  shown  to  cause  a temporary  collapse  of 
thermo-regulation  in  animals  {17-19},  some  types  of  demonstrable 
interaction  between  pesticide  exposure  and  both  heat  and  cold  ex- 
posure might  be  anticipated.  Similar  studies  do  not  appear  to  have 
been  carrried  out  with  the  chlorinated  hydrocarbon  insecticides  or 
otlier  pesticides;  however,  diethyldithiocarbamnte,  pentachlorphenol, 
and  related  pesticides  are  known  to  influence  body  temperature  in 
rodents  and  in  man  (20-21).  It  is  difficult  to  predict  the  net  result  of 
a combined  exposure  to  pesticides  and  either  heat  or  cold  since  body 
temperature  also  affects  the  metabolism,  distribution  (including 
protein-binding),  and  excretion  of  a variety  of  endogenous  chemicals 
including  pesticides.  Recent  studies  by  Murphy  ct  at.  (£2-24)  have 
shown  that  exposure  to  organophosphate  insecticides,  chemical  irri- 
tants, and  cold  stress  produce  an  increase  in  the  activity  of  the  plasma 
glucocorticosteroid  level  with  n resultant  increase  in  the  activity  of 
the  glucocorticoid-inducible  rat  liver  enzymes  (tyrosine  transaminase, 
alkaline  phosphatase,  etc.).  Furthermore,  several  of  the  organophos- 
phato  insecticides  have  been  shown  to  be  capable  of  inhibiting  the 
microsomal  hydroxylntion  of  testosterone  in  rats  (2-5)  and  at  least 
one  of  these,  chlorthion,  inhibits  the  hepatic  metabolism  of  desoxy- 
corticosterone  to  its  polar  metabolite. 

lladhtion.  Ouliois  ct  at.  (20-28)  have  shown  that  the  exposure  of 
young  male  rats  to  sublethnl  doses  of  whole-body  x irradiation  pro- 
duces ft  dose  de|>enclcnt  inhibition  of  the  development  of  (he  micro- 
somal enzyme  systeni(s)  responsible  for  the  desulfuration  of  certain 
organophosphate  insecticides.  Exposure  of  adult  rats  to  the  same 
closes  of  radiation  had  no  effect  on  microsomal  enzyme  activity.  In 
further  studies  (29),  this  was  shown  to  be  an  abscopal  effect  which 
could  lx*  prevented  by  shielding  of  the  head  during  the  radiation 
exposure,  and  it  has  l*en  suggested  (<30)  that  the  effect  is  due  to  an 
impairment  of  the  normal  hypophyseal  regulation.  The  organophos- 
phate insecticides  do  not  protect  animals  against  the  toxic  effects  of 
whole -body  x irradiation  and  such  exposure  does  not  markedly  alter 
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cither  the  toxic  effects  of  these  insecticides  or  the  ability  of  atropine 
to  antidote  tho  effects  of  poisoning  by  these  agents  (31). 

Other  physical  factors.  Microsomal  drug  metabolism  appears  to 
1)0  inhibited  by  hypobaric  hypoxia  and  to  be  stimulated  by  hyper- 
bar • oxygen  exj>osurc  (32,  33).  It  is  likely,  therefore,  that  these 
environmental  situations  will  also  influence  the  metabolism  of  pes- 
ticides and,  perhaps,  their  ability  to  induce  liver  microsomal  enzymes. 
Respiratory  depression  is  a prominent  feature  of  organophosphate 
insecticide  poisoning,  and  hyperbaric  oxygen  exposure  could  exert  a 
beneficial  effect  on  the  outcome  of  such  an  exposure.  Other  factors 
such  as  humidity,  forced  exercise,  aggregation,  restraint,  etc.,  in- 
fluence both  the  toxic  and  therapeutic  response  to  drugs  and  will 
probably  also  do  so  with  pesticides  and  other  chemicals. 

SUMMARY 

ICnvironmental  physical  factors  are  capable  of  influencing  pesticide 
i?s)>onsc  in  animals  and  probably  also  in  man.  There  is,  at  present,  no 
indication  that  the  physical  factors  exert  a greater  effect  on  pesti- 
cide response  than  the  chemical  factors  in  our  environment  or  that 
these  physical  effects  constitute  a hazardous  situation  for  the  general 
public. 

Additional  research  designed  to  characterize  the  mcchanism(s)  and 
the  significance  of  pesticide  interactions  should  include  the  study  of 
the  effects  of  the  total  environment  ( chemical , physical , and  social 
factors ). 
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APPENDIX  A 

TISSUE  STORAGE  OP  PESTICIDES 

As  ft  result  of  the  statistical  analysis  of  data,  obtained  through  tissue 
studies  of  members  of  the  general  population  combined  with  those 
from  selected  segments  of  the  population  and  experimental  human 
volunteers,  it  is  now  possible  to  make  certain  generalizations  regarding 
the  pharmacodynamics  of  orgn nochlorine  insecticides  based  on  a 
eomparfmental  model  (0, 18. 19). 

It  is  now  clear  that  the  amount  of  material  entering  the  body,  the 
amount  stored  in  different  tissues,  and  the  amount  which  is  metabo- 
lized and  excreted  from  the  body  exists  as  a dynamic  equilibrium.  The 
major  storage  reservoir  is  the  neutral  fat  comprising  the  adipose  tissue 
and  this  undoubtedly  reflects  a physiocochemical  partitioning  of  the 
non])olar  organochlorine  materials  into  these  tissues.  Thus,  although 
residues  can  be  detected  in  the  tissues  of  the  other  organs  these  are 
usually  markedly  lower  than  the  levels  found  in  adipose  tissue.  Resi- 
due levels  of  chlorinated  hydrocarbon  insecticides  in  the  liver  of  hu- 
mans, for  example,  are  found  to  be  approximately  10-fold  lower  than 
those  in  adipose  tissue  while  levels  in  kidney,  brain, gonads,  and  blood 
are  smaller  by  a factor  of  greater  than  100  (/).  The  concentrations  of 
an  organochlorine  |>esticide  in  different  tissues  appear  to  be  related  to 
to  the  function  of  the  organ  as  well  as  to  its  fat  content  (£),  and  good 
correlations  have  Iwn  observed  between  dieldrin  levels  in  adipose 
tissue  and  whole  blood  (J^),with  the  concentration  ratio  being  156: 1« 
The  measurement  of  dieldrin  in  whole  blood,  therefore,  re|x>rtedly 


constitutes  a convenient  method  of  assessing  the  total  body  burden  of 
dieldrin. 

Factors  determining  storage . — One  of  the  major  factors  which  de- 
termines the  concentration  of  pesticide  residues  in  human  body  tissues 
is  the  level  of  human  exposure  which  directly  determines  the  average 
daily  intake.  Thus,  the  storage  of  DDT  in  human  adipose  tissues  has 
been  correlated  directly  with  the  exposure  {mean  daily  intake)  over  ft 
dosage  range  of  approximately  1,000  (<5)  and  similarly  good  correla- 
tions have  been  obtained  from  dieldrin  levels  in  both  whole  blood  and 
adipose  t issue  (0, i* 6) . 

Clearly,  considerable  variation  exists  in  the  exposure  levels  of  differ- 
ent segments  of  the  population.  For  the  general  population  the  major 
source  of  continuous  exposure  results  from  residues  in  ingested  food 
materials.  Reasonable  estimates  of  the  ingestion  of  pesticides  in  food 
arc  provided  by  the  total  diet  studies  obtained  by  the  Food  and  Ding 
Administration  (7).  Such  studies  indicate  that  during  t he  years  1965- 
OS  the  average  daily  intake  of  DDT  is  approximately  0.03  mg.,  which 
is  equivalent  to  a dosage  of  about  0.0004  mg./kg./day  for  an  average 
70  kg.  man,  and  results  in  storage  levels  in  the  adipose  tissue  of  about 
4 p.p.m.  (<$).  Similar  studies  with  dieldrin  establish  an  average  total 
daily  intake  (total  diet)  of  about  0.005  mg.  and  corresponding  adipose 
st  orage  levels  of  0.20  to  0.25  p.p.m.  ( 8 , 2) . 

Intake  and  storage  of  other  organochlorine  pesticides  are  consider- 
ably smaller  and  with  the  exception  of  dieldrin  all  are  much  lower 
than  the  acceptable  daily  intake  (ADI)  figures  established  by  the 
FAO/WHO  (#).  The  total  daily  intake  of  dieldrin  is  approximately 
equal  to  the  ADI  figure,  but  is  only  about  2 |>ercent  of  the  estimated 
tolerance  intake  established  by  the  FDA  and  based  on  tolerance  levels 
of  pesticides  in  foods  {10).  Actual  daily  intake  of  DDT  and  lindane 
amount  to  only  0.5  and  0.4  percent,  respectively,  of  the  theoretical 
intake  calculated  from  l\S,  tolerances,  because  of  targe  variations  in 
ivsidue  levels  associated  with  different  consumer  products,  intake  and 
storage  levels  of  the  organochlorine  pesticides  varies  to  some  extent 
with  food  preferemes  of  the  individual.  Memlpers  of  the  imputation 
wlm consume  large  qunntitiesof  meat, fish,  jmiiltrv,  and  dairy  products, 
which  when  combined,  account  for  over  50  |>ercent  of  the  total  daily 
|>esficide  intake,  can  lx*  ex|>ected  to  have  higher  tissue  levels  of  these 
materials  than  meat  Retainers  11)* 

llndomski  nut  iJeiclimnnn  (/)  have  recently  established  that  consid- 
erable variation  in  tissue  residue  levels  within  the  general  Imputation 
can  result  from  household  use  of  |>esticides.  Possibly  as  a tesult  of  the 
pievalence  of  DDT  in  household  |>esticide  formulations,  residues  of 
DDT  and  DDK  in  the  adi|>ose  tissues  of  individuals  accustomed  to 


heavy  use  of  pesticides  around  the  home  were  three  and  four  times, 
respectively,  those  found  in  people  who  used  little  or  no  household 
pesticides.  A slight  increase  was  also  observed  in  the  case  of  BHC 
although  no  significant  differences  were  found  with  respect  to  the  cy- 
clodienes, dieldrin,  and  heptachlor  epoxide  which  are  not  commonly 
employed  in  household  formulations.  It  is  clear  that  this  type  of  ex- 
|>osure  may  be  more  impoifant  than  has  been  previously  suspected. 

In  addition  to  the  environmental  exposure  associated  with  household 
use  of  |>esticides,  it  is  clear  that  imputations  living  in  areas  where  reg- 
ular agricultural  spray  programs  are  effected  are  subject  to  further  at- 
mospheric exposures.  Small  but  significant  additional  residues  of  DDT 
and  DDE  have  been  found  in  the  tissues  of  persons  with  this  type  of 
environmental  exposure  (//,  12). 

Not  unex|>ectedly,  highest  tissue  residues  of  orgnnochloriue  ma- 
terials are  found  in  those  members  of  the  imputation  whose  occupations 
bring  them  into  regular  and  sustained  contact  with  relatively  high  con- 
centrations  of  pesticides.  These  include  among  others,  spray  formula- 
tors,  applicators,  and  employees  in  |>esticicle  manufacturing  plants. 
Blood  levels  of  dieldrin  in  samples  of  whole  blood  from  workmen 
handling  aldrin  or  dieldrin  have  been  found  to  be  up  to  80  times  those 
of  the  general  imputation  (4,  5,  73),  and  levels  of  DDT  ancl  DDK  in 
the  adi|mse  tissues  of  workers  exposed  to  DDT  are  approximately 
three-  to  four-fold  those  found  in  the  normal  imputation  (//,/£).  It 
is  of  interest  and  jmssible  significance  that  the  levels  of  DDT  and  DDE 
in  the  tissues  of  the  occupationally  exposed  are  approximately  the 
same  as  that  in  nonoccupational  ex|msurc  resulting  from  household 
usr.ge  (/). 

Another  important  factor  which  determines  the  accumulation  of 
jmsticide  residues  in  body  tissues  is  the  time  of  exjmsuro  to  the  material 
(2,  i ),  The  results  of  experiments  in  which  human  volunteers  were 
given  known  daily  doses  of  dieldrin  su|>)mrt  the  view  that  levels  of 
this  material,  measured  in  the  blood,  increase  in  a curvilinear  manner 
and  show  an  asymptotic  approach  to  an  upper  limit  (,?,  i).  This  in- 
dicates the  establishment  of  a steady  equilibrium,  the  level  of  which 
is  determined  by  the  average  daily  intake  (2).  The  validity  of  the  exist- 
ence of  such  a steady  state  is  further  substantiated  by  the  levels  of 
organoclilorine  insecticides  found  in  tissues  of  the  general  imputation 
over  a period  of  years.  Following  the  introduction  of  DDT  in  about 
1041  the  storage  levels  of  DDT  and  DDE  in  human  tissues  showed  a 
steady  increase  until  10,50-55  { 10 ).  Since  this  time,  storage  levels  have 
remained  more  or  less  constant  and  there  is  even  some  indication  of 
a slight  decline  during  the  last  few  years.  Quaife,  Winbush  and  Fit*- 
hugh  (74),  although  contesting  the  evidence  of  a steady  state  for  DDT 


between  1950  and  1958  (11)  concur  that  it  may  have  existed  since 
that  time.  Certainly  no  significant  increases  have  been  observed  in 
tissue  levels  of  I)DT  or  dieldrin  in  samples  collected  in  the  Chicago 
area  between  1962  and  1966  (75),  and  storage  of  dieldrin  by  the  general 
population  of  the  United  Kingdom  has  not  changed  significantly  since 
1961  (tf).  These  data  are  in  good  agreement  with  the  relatively  con- 
stant levels  found  for  the-  dietary  intake  of  pesticides  in  the  United 
States  from  1965  to  1968.  (8).  From  available  information  it  can* 
therefore,  be  reasonably  concluded  that  storage  of  the  organochlorine 
pesticides  lias  attained  a steady -state  level  in  tissues  of  the  general 
population,  and  under  present  pesticide  usage  patterns  further  sig- 
nificant increases  are  unlikely. 

An  important  fact  which  arises  from  considerations  of  the  phar- 
macodynamics of  orgrtiioclilorinc  i>est icicles  is  that  when  exposure  to 
the  pesticide  is  terminated,  residue  levels  in  the  various  body  tissues 
ait?  slowly  depleted  through  metnlxdic  and/or  excretory  processes. 
The  depletion  of  dieldrin  in  the  adipose  tissues  of  rats  placed  on  a 
normal  diet  after  Ixdng  fed  for  a period  of  6 months  on  a diet  con- 
taining 10  p.p.m.  of  this  material  was  found  to  follow  approximately 
first  order  kinetics  (0).  Dieldrin  levels  in  adipose  tissue  fell  from 
approximat?ly  13  p.p.m.  to  0.07  p.p.m.  in  the  80  days  following  termi- 
nation of  dietary  exposure.  Although  measured  at  considerably  higher 
levels,  a similar  decline  in  DDT-typo  residues  has  also  been  observed  to 
occur  in  adipose  tissues  of  beef  steers  treated  experimentally  with 
technical  DDT  (/£),  and  to  a lesser  extent  in  dogs  treated  with  either 
DDT  alone,  or  combinations  of  DDT  and  aldrin  ( 17) . 
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Pwrinw;  I xteilutioxs  With  Sy.nfj?oi$ts 

Chemical  agents  used  ns  iiisectide  synergists  are  of  considerable  im- 
lK>rtnnce  in  connect  ion  with  t lie  subject  of  interactions  since  the  basis 
of  their  usefulness  depends  ui>oii  vlieir  ability  to  increase  the  toxicity 
of  insecticides  to  insects.  Mechanisms  similar  to  those  involved  in  pro- 
(lucing  increased  toxicity  to  insects  might  also  l>e  operative  to  alter 
detoxification  systems  or  other  reactions  in  man.  Thus  the  possible 
ability  of  insecticide  synergists  to  produce  interactions  should  bo  given 
careful  attention  in  evaluating  their  safety. 

At  the  present  time  the  met hylcnedioxy phenyl  coni|Hiunds,cf  which 
pi]>erouyl  Initoxide  is  a mender,  are  the  outstanding  imi>ortant  ex- 
amples of  insecticide  synergists.  These  agents  at  high  concentration 
act  as  inhibitors  of  hepatic  microsomal  enzymes  tn  rifro  and  In  ctvo. 
As  such,  they  represent  only  one  of  the  many  types  of  coni|x>nnds  that 
have  the  ability  to  alter  the  iue(al)olisin  of  drugs,  pesticides,  and  other 
chemicals.  The  implications  of  this  type  of  action  have  l>cen  discussed 
in  previous  sections  of  this  rc|x>rt,  However,  liecanse  of  the  j>otcnfial 
ini|>ortftnce  of  insecticide  synergists  and  the  need  for  greater  dis- 
semination of  information  nlxml  their  toxicity,  actions,  and  metabo- 
lism, a rather  detailed  account  of  the  toxicology  of  these  comjionnds. 
which  goes  beyond  t lie  scope  of  flip  immediate  subject  of  this  rejiort, 
has  Itfen  prepared.  This  information  is  included  liclow  ns  np|>endix  H, 
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APPENDIX  B: 

TOXICOLOGY  OF  SYNER0IST8  FOR  PYRETI1R01D  INSECTICIDE  CHEMICALS 

SUMMARY 

Met  hylenedioxy  phenyl  synergists,  such  as  piperonyl  butoxide,  which 
are  used  to  enhance  the  insecticidal  activity  of  pyrethnoids,  are 
effective  inhibitors,  both  in  vitro  and  in  vivo,  of  liver  microsomal  drug 
metabolism.  These  compounds  are  also  inducers  of  liver  mixed* 
function  oxidase  activity.  Their  potency  in  altering  drug  metabolism 
in  mammals,  by  either  inhibition  or  induction,  is  not  unique  and  fre* 
quently  is  lower  than  that  of  other  insecticidal  and  pharmaceutical 
chemicals.  Dramatic  interactions  with  other  toxicants  or  biologically 
active  materials  can  easily  be  demonstrated  by  treating  mice  or  rats 
with  high  doses  of  piperonyl  butoxideor  related  compounds;  however, 
these  doses  are  extremely  high  relative  to  normal  use  and  exposure 
conditions.  The  MDP  synergists  are  very  useful  in  insect  control, 
function  by  a mode  of  action  that  is  relatively  well  understood,  and  are 
readily  metabolized  following  oral  administration.  Although  current 
evidence  does  not  indicate  that  the  use  of  piperonyl  butoxide  is  a 
hazard  to  health,  further  investigation  is  needed  to  evaluate  its  effect 
and  metabolism.  The  j>ossible  interaction  of  piperonyl  butoxide  when 
inhaled  or  ingested  with  a variety  of  other  toxic  substances  such  ns 
|>esticides  or  environmental  chemicals  or  air  )x>llulnnts,  also  requires 
further  study.  In  development  of  additional  synergist?,  and  particu- 
larly those  of  high  potency  and  increased  biological  or  environmental 
stability,  tests  on  mixed-function  oxidase  inhibition  should  be  included 
in  the  safety  evaluation. 


A synergist  is  generally  used  with  pyretlinmi  to  minimize  the 
amount  of  insecticide  necessary  for  insect  control,  thus  making  it  eco- 
nomically feasible  to  use  this  cx|>ensive  natural  product  for  control 
of  household  pests.  The  same  situation  applies  to  the  synthetic  pyre- 
throids. Certain  synergists  also  enhance  the  toxicity  of  several  other 
insecticide  chemicals,  including  rotenone,  carbamates,  and  certain 
nrga 1 10 phosphates  and  chlorinated  hydrocarbons,  although  they  are 
not  being  used  in  many  areas  of  insect  control,  because  economic  bene- 
fit* are  not  realized  from  such  use.  The  information  available  on  the 
nature  of  synergism  of  these  compounds  is  summarized  in  reviews  by 
Metcalf  (1955,  1967)  and  Hewlett  (1960, 1968). 

Tlie  most  important  commercial  synergist  employed  in  insect  control 
is  piperonyl  butoxide,  a inethylenedioxphenyl  (MDP)  compound  pre- 
pared from  dihydrosafrole  in  an  amount  of  about  800,000  lb  per  year. 
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Other  important  commercial  or  experimental  MDP  synergists  are 
sulfoxide,  prepared  from  isosafrole,  and  tropital,  prepared  from 
piperonal.  The  use  of  these  materials  is  limited  not  only  by  toxicologi- 
cal and  economic  considerations  but  also  by  the  fact  that  they  are  all 
prepared  from  a natural  product,  safrole,  which  is  available  in  the 
amount  of  only  about  1,400,000  lb  per  year  (Heimessy,  1969). 

There  are  also  other  coni|xnimls  active  as  synergists  for  py retinoids, 
including  MGK-264  which  is  used  commercially  ami  certain  pmpynyl 
phospliorus  compounds  mid  aryl  propynyl  ethers  which  are  under 
consideration  foi*  development.  The  mnnrkable  synergism  noted  for 
the  insecticidal  activity  of  many  carbamates,  particularly  carbaryh 
with  MDP  mid  other  synergists  has  not  proven  economically  beneficial 
under  actual  ficlcbuse  conditions.  It  is  possible  that,  properly  used, 
synergists  could  help  to  (l)  induce  the  necessary  dose  of  toxicant  and 
therefore  of  environmental  contamination,  (2)  minimize  the  degree 
of  resistance  in  tolerant  insect  sj>ecies  or  strains,  and  (3)  |XMinit  the 
use  of  biologically  unstable,  biodegradable,  or  ron[>ersistent  com* 
]K)iimls  by  blocking  detoxication  mechanisms  for  those  toxicants  in 
the  pest.  Although  there  is  reason  to  believe  that  the  use  of  synergists 
will  increase  in  the  future,  the  area  of  immediate  concern  is  the  !*>• 
tcntinl  hazard,  if  any,  from  the  use  of  MDP  comj>onnds,  and  partic- 
ularly of  piperonyl  butoxide. 

MAMMALIAN  TX1XICX)IXX)V  OK  XI KTI  I Y LKN  Kill  OX  YPI  I EN  Y I*  CX)MlX)UNt)S 

Acute,  subacute,  and  chronic  oral  toxicity  and  pathological  studies 
with  piperonyl  butoxide  using  different  animal  sixties  were  conducted 
by  Sarles  and  Vnndergiiff  (1952).  Pij>en>uyl  butoxide  was  found  to 
I*  of  relatively  low  toxicity  to  rats,  dogs,  pints,  and  monkeys.  There 
was  little  difference  l>otwcen  sex  and  s]>ecie.s  in  susceptibility  to  this 
material,  and  no  indication  was  ol>srrved  of  a cumulative  toxic  effect 
ii|>on  the  second  and  third  generation  of  rats  fed  a diet  containing  up 
to  10,000  p.p.m.  of  piperonyl  Imtoxide.  The  outstanding  biological 
effects  of  ingestion  of  relatively  large  doees  of  |>i|>eronyl  butoxide 
were  anoxia,  wasting,  minced  food  consume  ion,  reduced  or  lost 
ability  to  reproduce,  and  accentuation  of  concomitant  natural  disease. 
Although  piperonyl  butoxide  was  not  carcinogenic  for  the  liver,  nor 
did  it  exert  a malignant  lumorgenic  effect  u[>on  the  general  tissues, 
endocrine  glands  °r  breast,  it  did  produce  nonsixvific  lesions  in  the 
livers  of  the  test  animals.  A safe  human  tolerance  for  chronic  ingestion 
of  pi|>erc;\yl  butoxide  v>as  estimated,  after  allowing  a lOOdold  safety 
factor,  to  be  42  p.p.m.  in  al I the  food  eaten. 

The  present  tolerances  for  piperonyl  butoxide  vary  from  exempt 
from  the  requirement  of  a tolerance  (when  Applied  to  growing  crop® 


in  accordance  with  good  agricultural  practice)  to  8 to  20  p.p.m,  for 
post  harvest  npplicntion  to  various  vegetables,  grain  crops,  tree  nuts 
and  uses  in  or  on  certain  processed  or  semiprocessed  food  or  feed 
products. 

The  effect  of  i>est icidnl  synergists  on  bile  acids  and  cholic  acid  ex- 
cretion in  the  bile  was  examined  by  Fishbein  ct  aL  (1967a,  1967b, 
1967c)  after  intravenous  injection  of  MI)P  synergists  into  male  rats. 
Xo  discernible  effect  in  bile  acid  or  cholic  acid  concentration  was  noted 
after  safrole  injection.  However,  Tropital  and  piperonyl  bntoxide  did 
alter  the  bile  acids  and  cholesterol  level  in  the  bile,  sometimes  re- 
sulting in  a concentration  increase  with  time  after  synergist 
administration. 

Another  important  source  of  MDP  derivatives  is  sesamo  oil.  In 
addition  to  its  use  in  food  (Budowski  and  Markley,  1951)  it  has  been 
employed  in  cancer  research  as  a lipid  vehicle  for  other  agents  in 
carcinogenesis  studies.  The  cocarcinogenic  act ivitiy  of  sesame  oil  in 
sarcoma  production  was  described  by  Morton  and  Mider  (1939), 
Dickens  and  Weil-Malherbc  (1942),  and  Peacock  and  Beck  (1938). 
Separation  of  the  nonsaponifmble  fractions  led  to  the  isolation  of 
sesamin,  found  to  be  cocarcinogenic  by  DeOme  el  aL  (1949)  when 
tested  in  conjunction  with  3,4  benzpyrene  (benzofrtjpyrene).  Cocar- 
cinogenic  fractions  were  also  isolated  by  Bischoff  (1957),  A weak, 
carcinogenic,  effect  on  subcutaneous  injection  into  mice  was  also  de- 
scribed for  heated  sesame  oil  (Steiner  ct  at.,  1942)  and  for  sesamol 
fed  to  rats  (Ambrose  « tat.,  1958). 

Several  other  MDP  com|xnmds  are  either  carcinogenic  when  fed  to 
test  animals  at  high  levels  over  a prolonged  period  of  time  or  are 
capable  of  acting  ns  cocarcinogens  when  tested  in  conjunction  with 
carcinogens.  Safrole  is  a rat  hepatocarci nogen  following  long-term 
feeding  at  Hie  0.5-  and  1-pcrcent  dietary  levels.  In  both  male  and  female 
rats  fed  safrole  in  a riboflavin-deficient  diet,  hepatic  damage  and 
nodular  degeneration  are  produced  in  a much  shorter  time  than  by 
the  deficient  diet  alone.  The  hepatic  damage  in  males  and  to  a lesser 
extent  in  females,  under  these  conditions,  is  also  manifested  by  marked 
fibrosis  and  massive  deposits  of  ceroid  pigment  (Long  et  aL,  1963; 
llomburgrr  ct  at ..  1902),  Feeding  of  dihydrosafrole  initiates  cancer 
of  the  esophagus  in  rats  (I/mg  and  Jenner,  1963).  Fatty  livers  have 
boon  found  in  animats  fed  myristicin  (Christomanos,  1927),  a con- 
stituent of  nutmeg,  which  is  used  as  a food  additive  and  which  also 
I possesses  |«ychophannaco]ogic  properties  (Truitt  et  aL ♦ 1961;  Shut- 
gin,  1968).  There  is  no  evidence  for  psychotropic  activity  with  any 
of  the  commercial  synergists  for  insecticide  chemicals.  The  tumorigenic 
potential  of  MDP  synergists  is  not  fully  Hariried  in  the  light  of  recent 


findings.  The  results  to  dnte  with  mice  treated  at  very  high  donees 
by  subcutaneous  injection  or  feeding  for  18  months  arc  inconclusive 
and  further  evaluation  is  recommended  (I  lines  ct  ah,  1969;  Falk,  1969). 
Several  MI)P  compounds  produced  malignant  tumors  of  the  lymphatic 
system;  these  include  piperonyl  butoxide,  sulfoxide,  nnd  iV-propyl 
isome.  As  controls  in  thisstudy,  safrole  and  dihydrosafrole  were  found, 
us  expected,  to  produce  liver  tumors,  but  isosafrole  was  not  very  potent 
in  this  respect.  It  is  imjmrtant  to  note,  however,  that  no  liver  tumors 
were  observed  in  rats  fed  piperonyl  butoxide  for  18  months  at  high 
dose  levels  (1,000,  10,000,  and  20,000  p.p.m.  in  the  diet)  (Falk  1969). 
See  Iiionetics  Report,  J.  Nat.  Cancer  Inst.  42;  1101-1114,  1969. 

There  is  evidence  that  piperonyl  butoxide  and  certain  other  MDP 
synergists,  at  high  dosage,  have  cocarcinogenic  activity  and  synergize 
the  toxicity  and  certain  pathological  effects  of  other  toxicants.  The 
first  of  these  reports  was  presented  by  Falk  et  ah  (1965)  on  the  cocar- 
cinogenic j>otential  of  pipe  ronyl  butoxide  and  sulfoxide  synergist  and 
their  interference  with  the  detoxification  and  elimination  of  the  potent 
environmental  carcinogen,  3,4 -benzpyrene.  Administration  of  these 
two  MDP  compounds  by  the  oral,  intrap'.ritoneal,  or  intravenous 
routes  interfered  with  the  rapid  elimination  of  a radiolabeled  sample 
of  3,4-benzpyrene,  following  intravenous  injection  of  tho  latter.  De- 
toxification of  the  carcinogen  and  biliary  excretion  were  also  decreased, 
as  was  the  total  recovery  of  the  administered  radioactivity.  Tho  in- 
ability to  recover  the  administered  radioactivity  from  treated  rats  as 
compared  to  untreated  ruts  prompted  the  suggestions  that  the  car- 
cinogen was  not  metabolized  normally  and  that  carcinogenic  activity 
might  thus  bo  increased.  It  was  also  established  that  the  increased 
retention  and  activity  of  thecarcinogen  was  it  result  of  hepatic  damage 
due  to  administration  of  3,4-benzpyrene  and  the  MDP  synergist,  and 
hepatic  damage  was  correlated  with  alteration  of  a specific  detoxifica- 
tion enzyme(s). 

In  a recent  study  by  Kimbrough  rt  ah  (1968),  the  combined  effect 
of  DDT,  pyrethrum,  and  pi|>oronyl  butoxide  on  pathological  changes 
in  rat  liver  was  examined.  Oytological  observations  established  that 
pyrethrum  produced  enlargement,  imagination,  and  cytoplasmic  in- 
clusions or  li|x)?])herefl  in  the  liver  colls  of  rats.  The  severity  of  these 
pathological  changes  was  increased  when  piperonyl  butoxide  was  in- 
cluded in  with  the  pyrethrum.  These  effects  were  proportional  to  dos- 
age nnd  similar  in  character  to  changes  caused  by  DDT  alone.  When 
DDT  and  pyrethrum  were  given  in  combination,  the  changes  were 
greater  than  when  either  was  given  separately  at  the  same  dosage. 
When  given  nt  high  dosages,  a combination  of  DDT,  pyrethrum  and 
piperonyl  butoxide  produced  characteristic  liver  changes  just  os  rap- 


idly  as  has  been  reported  for  DDT  alone.  An  additive  effect  on  liver 
pathology  was  observed  when  rats  were  fed  DDT  at  a dietary  level  of 
only  50  p.p.m.  and  were  kept  in  a room  where  a pyrethrum  aerosol 
(which  could  contain  up  to  0.8  percent  piperonyl  butoxide)  was  em- 
ployed at  a moderate  rate  only  once  every  2 weeks,  a commonly  em- 
ployed procedure  for  pest  control  in  animal  rooms.  It  was  also  con- 
cluded that  variation  in  the  extent  of  using  synergized  pyrethrum 
(aerosol  sprays)  at  different  times  has  an  effect  on  the  variation  of  the 
extent  of  liver  cell  changes  observed  by  other  investigators. 

Similar  studies  were  conducted  to  explore  the  synergistic  toxicity 
and  carcinogenicity  of  “Freons”  and  piperonyl  butoxide  (Epstein 
et  al 1967b).  “Freons”  aie  fluorocarbons,  with  1 to  4r  carbon  atoms, 
fluorine  and  sometimes  chlorine,  bromine  or  hydrogen,  which  are 
widely  used  as  propellants  with  pressurized  aerosols  of  foods  or  pesti- 
cides. Generally,  “Freons”  have  low’  toxicity  after  acute  or  chronic 
inhalation  exposures,  with  one  or  two  exceptions.  In  the  experiments 
reported,  solutions  were  prepared  in  redistilled  tricaprylin,  containing 
the  “Freon”  (10  percent,  v/v)  and  piperonyl  butoxide  (5  percent, 
v/v).  A high  mortality  was  consistently  observed  (46-55  percent)  when 
preweaned  mice  (7  days  old)  were  treated  subcutaneously  with  the 
“Freon”  in  conjunction  with  piperonyl  butoxide;  the  correspond- 
ing control  mice  had  a lower  mortality  (14  percent)  as  did  the  groups 
receiving  the  test  substances  separately.  A 15-percent  mortality  was 
observed  after  administration  of  piperonyl  butoxide  and  2-11  percent 
from  “Freon”  treatment.  This  high  mortality  for  the  combination 
treatment  groups  appears  synergistic  in  view  of  the  absence  of  such 
mortality  attributed  to  piperonyl  butoxide  alone. 

In  a separate  expriment  to  ascertain  any  pathological  damage  which 
might  occur  from  administration  of  “Freons”  and  piperonyl  butoxide 
simultaneously,  weaned  mice  (1  month  old)  were  treated  and  the 
liver  tissue  was  examined  cytologically  at  various  times  after  treat- 
ment. All  treated  males  displayed  hepatomata  51  weeks  after  treat- 
ment with  “Freons,”  although  no  tumors  were  obsreved  in  any  of  the 
test  animals  treated  with  piperonyl  butoxide.  The  incidence  of  hepa- 
tomata was  highest  for  combination  treatment  groups  and  particu- 
larly high  for  the  combination  involving  “Freon”  112  (1, 1,2,2- 
tetrachloro-l,2-difluoroethane)  and  piperonyl  butoxide  as  compared 
with  the  solvent  controls  or  groups  receiving  separate  treatments  of 
“Freons”  or  piperonyl  butoxide.  With  male  mice  more  than  40  weeks 
old,  the  incidence  of  hepatoma  in  combination  treatment  groups  was 
24  percent  in  contrast  to  an  overall  incidence  of  only  4 percent  in 
the  groups  receiving  individual  treatments.  This  striking  difference 
was  shown  statistically  to  be  highly  significant,  and  indicates  that 
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synergistic  hepatocardnogemcity  results  from  the  combination  treat- 
ment. The  incidence  of  malignant  lymphomata  was  low  and  only  one 
female  developed  mammary  carcinoma. 

I'lie  above  report  of  synergistic  toxicity  and  carcinogenicity  between 
two  widely  used  and  unrelated  compounds  suggested  the  need  to 
consider  interactions  with  unrelated  agents  in  the  designs  of  toxcity 
and  carcinogenicity  tests.  An  extension  of  the  findings  on  synergistic 
toxicity  of  piperonyl  bntoxido  and  other  compounds  was  reported  by 
Epstein  et  ah  (1967a).  Enhancement  by  piperonyl  bntoxide  of  the 
acute  toxicity  due  to  “Freon”  112  and  “Freon”  113  (1,1,2-trichloro- 
l,2,2,trifluoroethane)  with  3,4-benzpyrene  and  griseofulvin  (an  anti- 
fungal antiobotie)  was  examined.  Mortality  was  generally  highest  in 
the  first  week  of  life  and,  in  all  instances,  was  markedly  enhanced  by 
combined  treatment  with  piperonyl  butoxide.  This  increased  toxicity 
with  the  various  synergist  and  drug  combinations  was  accompanied 
by  anomalous  weight  increase  in  surviving  mice,  generally  being  pro- 
nounced by  21  days.  The  authors  speculated  on  the  possibility  of  a 
toxic  hazard,  either  synergistic  or  additive  in  nature,  due  to  piperonyl 
bntoxide  administration  in  conjunction  with  other  drugs  or  environ- 
mental pollutants,  which  should  be  further  investigated. 

Research  on  the  ability  of  MI)P  compounds  to  synergize  the  toxicity 
of  insecticide  chemicals  or  drugs  in  mammals  is  sparse.  The  joint  oral 
administration  of  piperonyl  butoxide  increased  the  toxicity  of 
Coumaphos  (0-  [3-chloroT-methyl~umbelliferone]  0, 0-diethyl 

phosphorothioate)  and  its  corresponding  phosphate  to  mice  fourfold 
to  sixfold.  The  same  increase  in  toxicity  was  also  found  when  the 
synergist  and  toxicant  were  administered  by  different  routes  (Robbins 
rt  at .,  1959).  This  is  the  only  reported  case  of  synergism  of  insecticide 
toxicity  by  MDP  compounds  in  mammals.  The  effects  of  piperonyl 
bntoxide  and  sesamex  on  the  duration  of  sleep  induced  in  mice  by 
hexobarbital  were  examined  by  Fine  and  Molloy  (1964).  They  demon- 
strated that  the  synergists  prolong  sleep  which  is  induced  by  the 
barbiturate.  Essentially  the  same  results  were  obtained  when  either 
synergist  was  injected  simultaneously  with  the  barbiturate.  Piperonyl 
butoxide  was  also  found  to  extend  the  sleeping  time  of  another  bar- 
biturate, sodium  pentobarbital  (Nembutal).  Anders  (1968)  confirmed 
the  effect  of  piperonyl  butoxide  on  hexobarbital  sleeping  time  in  rats 
and  showed  that  the  in  vivo  metabolism  of  this  barbiturate  :s  also 
inhibited  by  piperonyl  butoxide,  sesamex  and  Tropital.  Zoxazolamine 
paralysis  time  is  also  prolonged  in  mice  by  piperonyl  butoxide,  al- 
though the  synergist  effect  is  less  dramatic  than  on  hexobarbital 
sleeping  time  (Fujii  etal.}  1968). 
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METABOLISM  OF  MCT1IYJ/ENBDI0XVPHENYL  COMPOUNDS 

The  information  available  up  until  1066  on  the  metabolism  of  MDP 
compounds  was  insufficient  to  clearly  define  the  fate  of  the  MDP 
moiety  or  to  establish  the  major  pathways  of  metabolism  of 
MDP  synergists  in  mammals.  Mammalian  metabolism  of  MDP  com- 
pounds results  in  modification  of  the  side  chain.  Piperonylglycine,  the 
glycine  conjugate  of  piperonylic  acid,  appeal’s  in  human  urine  follow- 
ing feeding  of  safrole  and  isosafi-ole  (Hefter,  1895) ; piperonylic  acid 
is  a metabolite  in  dog  urine  following  administration  of  these  two  com- 
pounds. Piperonal  is  excreted  by  rabbits  as  the  ester  glucuronide  of 
piperonylic  acid;  piperonylic  acid  is  excreted  by  rabbits  as  its  ester 
glucuronide  an.’  glycine  conjugate  (Williams,  1959).  In  rats,  piper- 
onylic acid  is  excreted  as  the  free  acid  and  its  glycine  conjugate,  8,4- 
methylenedioxy cinnamic  acid  is  excreted  mostly  as  piperonylglycine 
along  with  some  3,4-methyJenedioxycinnamoylglycine,  and  piperic  acid 
is  excreted  as  piperonylic  acid,  piperonylglycine,  and  3,4-methylene- 
dioxycinnainoylglycine,  with  no  piperonylglycine  (Acheson  and 
Atkins,  19G1).  Poster  hydrolysis  occurs  on  oral  administration  of  6- 
chloropiperonyl  chrysanthemumate  (barthrin)  to  rats  and  rabbits  and 
the  liberated  6-chloropiperonyl  alcohol  is  converted  to  the  acid,  the 
glycine  conjugate,  and  the  glucuronide  of  the  acid  (Ambrose,  1963; 
Masri  et  ah,  1964).  A massive  oral  dose  of  undiluted  piperonyl  butox- 
ide  is  excreted  in  the  feces  of  dogs  to  the  extent  of  78-88  percent 
within  48  hours,  the  urine  containing  little  more  than  trace  amounts 
of  piperonyl  bntoxide  as  determined  by  colorimetric  analysis  (Sarles 
and  Vandergriff,  1952). 

Fishbein  and  coworkers  have  utilized  thin-layer  chromatography 
to  determine  the  rate  of  appearance  and  nature  of  the  metabolites  of 
safrole,  isosafrole,  dihydrosafrole,  Tropital,  and  piperonyl  butoxide 
in  rat  bile  and  urine  following  intravenous  administration  (Fishbein 
et  a/.,  1967a,  1967b,  1967c,  1968).  Analysis  of  bile  revealed  the  fol- 
lowing metabolites  after  administration  of  the  respective  compounds : 
safrole-10  metabolites,  five  being  MDP  compounds  (positive  to 
chromotropic  acid  reagent);  isosafrole-7  metabolites,  two  or  three 
responding  to  chromotropic  acid  reagent;  dihydrosafrole-1  chromo- 
tropic acid-positive  material  and  two  additional  metabolites  not  con- 
taining the  MDP  grouping.  Analysis  of  urine  revealed  a slightly 
different  pattern  as  follows:  safrole-5  metabolites  similar  to  the  ones 
detected  in  the  bile,  one  responding  to  chroinotropic  acid  reagent;  iso- 
safrole-3  metabolites  responding  positively  and  three  negatively  to 
chromotropic  acid;  dihydrosafrole-1  metabolite  responding  positively 
and  four  others  negatively  to  the  chromotropic  acid  reagent.  Metabo- 
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1 i tes  of  sufrole,  isosafrole,  and  dihydrosafrole  were  not  identified  nl- 
t hough  oxidation  of  the  side  chain  to  Honiopiperonylic  acid  and 
piporonylic  acid  was  postulated  for  sufrole  and  isosafrole,  respectively, 
ns  was  cleavage  of  the  MI)P  moiety  to  the  corresponding  catechols. 
Tropital  and  piperonyl  btitoxide  wei^e  converted  to  unidentified  ma- 
terials and  eliminated  largely  in  the  bile,  blit  more  slowly  than  the 
compounds  previously  discussed.  Methylene«CH-dioxyphenyl  labeled 
Tropitnl  yields  14  metabolites  in  bile,  some  persisting  for  500  minutes, 
including  piperonal  as  tlic  major  metabolite,  and  six  other  metabolites 
responding  to  chromotropic  acid  reagent.  The  urine  contains  piper- 
onylic  acid  as  a minor  metabolite,  in  addition  to  one  other  major 
metabolite  and  one  other  minor  metabolite,  plus  material  remaining 
at  the  origin  on  chromatography.  No  free  Tropitnl  was  excreted  in  the 
urine.  The  metabolites  of  piperonyl  Imtoxide  constitute  a complex 
mixture  involving  possibly  nine  MI)P  compounds  in  the  bile  and  11 
in  the  urine  plus  nine  catechols  or  their  further  degradation  products 
in  tlio  bile  and  in  the  urine. 

Microsomal  preparations  from  both  mammalian  liver  and  insect 
tissues  metabolite  tetrachloromethylenedioxybenzcne,  in  a reduced 
nicotinamideaclenine  dinucleotide  phosphate  (NADPH) -dependent 
reaction,  to  the  corresponding  tctrachlorocatechol  (Wilkinson,  1967: 
Wilkinson  and  Hicks,  1969). 

The  above  discussion  docs  not  consider  the  results  of  studies  made 
at,  Berkeley  using  Cl4-labeled  MDP  compounds.  Prior  to  the  synthesis 
of  several  mcthylene-Cl4-dioxyphenyl  (M-Cl4-DP)  compounds  (Ku- 
watsuka  and  Casida,  1965),  suitable  analytical  approaches  were  not 
available  for  establishing  the  fate,  in  vivo  and  in  vitro , of  the  critical 
methylenediory  portion  of  the  molecule.  These  labeled  materials  were 
used  to  ascertain  the  fate  of  MDP  compounds  in  mammals  and  house 
flies  and  enzyme  preparations  derived  from  these  organisms. 

The  major  metabolic  pathway  for  piperonyl  butoxide,  the  sulfoxide 
diastereoisomers,  dihydrosafrole,  safrole,  and  myristicin  in  mice,  after 
oral  administration,  involves  cleavage  of  the  MDP  moiety  and  expira- 
tion of  the  methylene  carbon  as  carbon  dioxide.  In  contrast,  oxidation 
und/or  conjugation  of  the  side  chain  is  the  major  metabolic  pathway 
for  Tropital,  piperonal,  piperonyl  alcohol,  and  piperonylic  acid.  Prod- 
ucts in  the  urine,  following  piperonyl  butoxide  administration,  include 
many  compounds  lacking  the  MDP  moiety  along  with  small  amounts 
of  6-propylpiperonylic  acid  and  its  glycine  conjugate,  and  those  from 
Tropital  consist  almost  entirely  of  the  glycine  and  glucuronic  acid 
conjugates  of  piperonylic  acid.  Mixed-function  oxidases  of  liver  mie- 
rosomes  demethylenate  several  MDP  compounds  to  yield  formate  and 
the  corresponding  catechol;  with  most  MDP  compounds,  other  prod- 
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ucts  also  form  because  of  additional  oxidation  reactions  at  other  func- 
tional groups  (Casida  et  al.y  1966;  Kamienski  and  Casida,  1969). 

The  tentative  metabolic  pathways  found  for  piperonyl  butoxide  and 
Tropital  in  mammals  are  given  in  figures  1 and  2,  respectively. 

The  details  of  the  portion  of  the  study  on  the  metabolism  of  the 
same  labeled  MDP  compounds  in  house  flies  has  recently  been  pub- 
lished (Esaac  and  Casida,  1068#  1969).  It  vas  clearly  shown  that  most 
of  these  compounds  are  oxidatively  metabolized  in  living  house  flies 
by  attack  at  the  methylene  carbon  in  the  M-C14-DP  moiety,  leading 
ultimately  to  expiration  of  Cl<02.  Aliphatic  side  chain  oxidation  re- 
sulted in  the  formation  of  the  corresponding  piperonylic  acid  deriva- 
tives, followed  by  conjugation  and  excretion.  Following  injection  of 
piperoual,  piperonyl  alcohol,  safrole,  and  Tropital,  each  MDP  com- 
pound was  oxidized  to  piperonylic  acid  which  was  then  converted  into 
five  A-piperonyl  amino  acids,  namely,  the  alanine,  glutamine,  gluta- 
mate, glycine,  and  serine  conjugates.  In  addition,  cleavage  of  the 
polyether  side  chain  of  piperonyl  butoxide  was  observed,  presumably 
mediated  by  hydroxylation  of  the  methylene  carbons  adjacent  to  the 
ether  oxygens  by  the  microsomal-NADPII  enzyme  system.  Summaries 
of  the  metabolism  of  piperonyl  butoxide  and  Tropital  in  house  flies 
are  as  follows:  (See  page  550.) 
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- Tentative  metabolic  fate  of  pipcrcmyl  butoxidc  in  mammal *■ 


Figure  2. — Tentative  metabolic  fate  of  tropital  in  mammals. 


In  both  insects  and  mammals,  sulfoxide  synergist  undergoes  de- 
methylenation  and  oxidation  at  the  sulfur  (Esaac  and  Casida,  1969; 
Kamienski  and  Casida,  1969).  The  comparison  of  synergist  metabo- 
lism with  the  fate  of  insecticide  chemicals  was  recently  reviewed 
(Lykken  and  Casida,  1969). 

MODE  OK  ACTION  OF  METJI YLBNKDIOXYIMIEN Yh  COMPOUNDS 

Studies  with  both  insects  and  mammals  have  aided  in  formulating 
hypotheses  regarding  tike  inode  of  action  of  MDP  compounds.  In 
earlier  proposals,  synergistic  action  was  supposedly  due  to  stabiliza- 
tion of  the  toxicant  or  formation  of  molecular  complexes  between  the 
synergist  and  the  insecticide  (Metcalf,  1955),  but  these  proposals 
have  be  in  discarded  for  lack  of  experimental  evidence.  Presently,  the 
most  widely  accepted  hypothesis  to  explain  the  inode  of  action  of 
MDP  synergists  is  that  they  act  by  inhibiting  the  detoxification  of 
the  insecticide  chemical  in  insects  (Casida,  1963;  Metcalf,  19G7)  or 
by  reducing  the  rate  of  drug  detoxification  in  mammals  (Fine  and 
Molloy,  1964).  These  drugs  or  insecticides  are  metabolized  almost 
exclusively  by  the  NA  DPI  Independent  mixed-function  oxidase  system 
of  microsomes.  The  oxidative  reactions  mediated  by  liver  and  insect 
microsomes  have  been  extensively  reviewed  by  Gillette  (1963)  and 
Casida  (1969). 

In  a more  specific  manner,  synergists  are  proposed  to  exert  their 
effect  by  blocking  oxidative  detoxification  reactions,  presumably  by 
serving  as  alternative  substrates  (Casida  ct  ah,  1966;  Wilkinson  and 
Hick3,  1969)  or  competitive  inhibitors  (Philleo  ct  al.,  196o)  for  the 
microsome-NADPH  enzyme  system,  so  that  a lower  initial  dose  of 
the  toxicant  is  effective.  The  inhibition  of  rat  liver  microsomal  mixed- 
function  oxidases  by  pi|>eronyl  butoxide  was  competitive  with  two 
substrates,  but  proved  to  be  variable  with  other  MDP  compound- 
substrate  combinations  and  so  generalization  is  not  possible  (Anders, 
1968);  difficulties  in  obtaining  clear-cut  interpretations  from  kinetic 
studies  of  this  type  have  also  been  encountered  by  many  other  workers. 
Jaffe  et  ah  (1968)  assayed  the  important  MDP  synergists  and  many 
related  compounds  for  in  vivo  inhibition  of  two  hydroxylating  systems 
of  mouse  liver  microsomes,  using  rlimethylaminopyrine  and  hexo- 
barbital  as  substrates.  The  structure-activity  correlations  were  similar 
to  those  for  insecticidal  synergism,  indicating  that  synergists  and 
related  compounds  are  probably  of  comparable  toxicological  signifi- 
cance to  mammals.  The  inhibition  appeared,  in  general,  to  be  relati  ely 
nonspecific  in  character.  These  findings,  combined  with  those  of 
Kamienski  and  Casida  (1969)  discussed  above,  suggest  a possible 
correlation,  at  any  given  time  after  administration,  between  the  extent 
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of  demethylenation  (or  perhaps,  as  well,  of  other  microsomal  hydrox- 
ylation  reactions  acting  on  the  MDP  compound)  and  the  in  vivo 
inhibition  of  microsomal  liydroxylations  of  other  substrates.  In  utiliz- 
ing this  hypothesis,  consideration  must  be  given  to  the  relative  biologi- 
cal stability  of  the  MDP  compound  and  the  alternative  substn  te,  and 
to  the  inhibitor  and  substrate  specificities  of  the  liver  mixed  function 
oxidases  system(s)  (Kamienski  and  Casida,  I960).  The  elTr  tiveness 
of  piperouyl  butoxide  as  an  in  vivo  and  m vitro  inhibit o;  ( drug 
metabolism  in  rats  is  markedly  diminished  by  chronic  treat  r,t  with 
cither  phenobarbital  or  3-methylcholanthrene,  possibly  because  these 
agents  induce  rapid  metabolism  of  piperonyl  hutoxide  t oduots 
having  minimal  inhibitory  capacity  (Anders,  1968).  1 ij  ionyl 
butoxide  serves  ar  an  inducer  of  biphenyl  metabolism,  by  l ib  u-  and 
p-hydroxylation  (JalTe  et  a!.}  1969).  In  a separate  an  ! distinct 
phenomenon  from  the  induction,  piperonyl  butoxide  mlfltes 


o*hydroxylation  and  inhibits  /^-hydroxylation  of  biphem  liver 
microsomes  of  treated  mice,  a bimodal  effect  occurring  $h  > ifter 
treatment  which  may  represent  an  isozymic  transformat ; ifting 
the  equilibrium  between  the  two  microsomal  enzyme  a<tiv  ( Jaffe 
et  c/7.,  1969b) ; this  bimodal  effect  also  occurrs  in  vitro  ( 1 ' 

1969a). 

MDP  compounds  have  been  shown  to  inhibit  or  ref  >ng 

others,  the  following  oxidative  reactions  in  both  insects  a als 

necessary  for  detoxification  or  inactivation  of  the  chemn  ios- 

tion : oxidation  of  the  /runa-methyl  group  of  the  isobutonyi  of 


pyrethrin  I and  synthetic  chrysanthemumates  to  the  corresponding 
carboxylic  acid  analogs  in  living  housefles  and  isolated  enzyme  sys- 
tems (Yamamoto  and  Casida,  1966;  Yamamoto  et  a 1969) ; in  vitro 
hydroxylation  of  A’-methyl  groups  of  Af-methy  land  ArjV  dimethyl- 
carbamates  by  both  insect  preparations  (Tsukamoto  and  Casida, 
1067a,  1907b)  and  rat  liver  enzymes  (Hodgson  and  Cash!*,  I960, 
1961;  heeling  and  Casida,  1966);  in  vivo  A?-demethylatinn  of  the 
AbAbdimcthylnmidc  group  of  Hidrin  insecticide  in  houseflies  (M  enter 
and  Casida,  1965);  <9-depropy1ation  of  Baygon  in  living  houaeflie* 
and  isolated  abdomen  enzymes  (Tsukamoto  and  Casida,  1967a,  1967b; 
Shrivastava  cl  at..  1969)ffi  hydroxylation  of  aromatic  hydrocarbons 
such  as  naphthalene  by  house  fly  microsomal  enzymes  (Philleo  rt  a/., 
1965)  or  the  aromatic  nucleus  of  /-naphthyl  A’-mcthylcarhainale  by 
rat  liver  micrr.sr>nie->fAI)PH  enzymes  (heeling  and  Casida,  1966); 
oxidation  of  (lie  methyl  group  of  toluene  and  p-nitrotoluene  by  house- 
fly microsomes  to  the  corresponding  benzoic  acids  (Chakraborty  and 
Smith,  1967);  the  NADPH-dependent  conversion  of  phosphorothio- 
nates  to  the  corresponding  phosphate  analog  by  American  cockroach 
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fat  body  microsomes  (Nakatsugawa  and  Dahm,  1965)  or  by  rat  liver 
microsomes(  Dahin  et  at .,  1962)  ; microsomal  epoxidation  of  cyclo- 
diene insecticides  such  as  the  conversion  of  aldrin  to  dieldrin  (Lewis 
cl  ahy  1067;  Nakatsugawa  et  al,  1965) ; and  the  dehydrochlorination 
of  DDT  to  I)DE  by  housefles  (Perry  and  Hoskins,  1950,  1951).  The 
list  of  reactions,  which  continues  to  grow,  is  partially  illustrated  on 
pages  556  and  557.  (Casidn,  1969.) 

The  action  of  MDP  synergists  and  related  compounds  in  increas- 
ing drug  and  insecticide  potency  possibly  is  the  result  of  combination 
of  the  MDP  compound  with  an  active  side  on  the  mixed-function 
oxidases  resulting  in  inhibition  of  normal  detoxification  mechanisms. 
This  is  illustrated  with  Baygon  insecticide  chemical  as  the  toxicant 
or  compound  synergized.  (Sec  page  558  for  illustration.) 

There  is  a large  body  of  structure-synergistic  activity  literature 
which  supports  the  hypothesis  that  the  methylenedioxy  moiety  is  the 
critical  portion  of  the  molecule  for  synergistic  activity.  Even  deuter- 
ium in  the  methylene  position  reduces  synergistic  activity  (Henncssy 
and  Whalen,  1966;  Metcalt  d <?/.,  1966)  suggesting  that  this  is  the  site 
of  binding  or  reaction.  Three  observations  or  suggestions  must  be 
considered  in  postulating  a mode  of  action  for  tho  MDP  compound 
at  the  molecular  level.  Henncssy  (1965)  suggested  that  synergism  may 
result  from  the  formation  of  an  enzyme-attacking  electrophilic  ben- 
zodioxolinm  ion  from  thelienziKlioxole  by  loss  of  hydride  (IP).Cnsida 
et  a).  (19G6)  showed  that  the  methylene  group  is  hydroxyl ated  by 
tho  mixed-function  oxidase  system  to  give  a hydroxymcthylencdiox- 
phenyl  intermediate;  in  this  manner,  the  synergist  is  an  alternative 
siibst rate  for  the  enzyme.  Hansch  (1968)  and  Cloney  and  Scherr  (19G8) 
present  physico-chemical  correlations  which  suggest  a free  radical 
enzymatic  react  ion  to  form  a MDP*  free  radical  and/or  n reactive  ben- 
zodioxolimn  cation.  These  considerations  lead  to  two  pathways  or 
mechanisms  (Kamienski  nndCasida,  I960;  Hennossy,  1969) : 
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Pathway  A loads  to  direct  formation  of  the  benzodioxolium  ion  or 
accommodates  the  free  radical  i\iechanism  in  enzymatic  formation  of 
the  hydroxymethylenedioxyphanyl  compound*  which  is  the  pseudo- 
base  of  the  kcnzodiheteroliiim  ion.  The  benzodioxolium  ion  as  an  aro- 
matic system  might  form  a ^-bonded  complex  with  iron  or  copper 
Also,  it  might  acylate  the  enzyme,  subsequently  hydrolyzing  to  for- 
mate and  the  catechol.  Pathway  B utilizes  the  MDP  free  radical  as  the 
species  react  ing  with  the  enzyme*  thus : 

A.  Fe"  + MDP*  [FeMDPJ*" 

n.  Fe***  4-  MDP.  IFeMDPp^ 

Kuwatsuka  (I960)  interprets  studies  of  the  different  spectra  of  the 
P-450  hemoprotein  and  of  the  kinetics  of  inhibition  with  different 
substrates  to  indicate  that  flic  enzyme  probably  lias  different  binding 
sites  for  different  substrates  and  the  enzymo  and  inhibitor  interact  in 
some  other  relationship  than  that  of  enzyme  and  substmte,  he,,  nllo* 
steric  effects  are  involved. 

Each  of  these  hypotheses  requires  that  the  synergist  binds  tena- 
ciously or  alters  the  enzymo,  and  that  the  synergist  is  metabolized  more 
slowly  than  the  insecticide.  Insect  inicrosomes  are  frequently  more 
sensitive  than  mammalian  inicrosomes  to  MDP  compounds  (Lewis 
ct  0/.,  1967)  and  metabolize  the  synergist  more  slowly  (Esaac  and 
Casidn,  1969).  The  mechanism  of  reaction  of  the  enzyme  and  synergist 
studied  with  mammalian  liver  and  house  fly  inicrosomes,  for  the  most 
part,  may  bo  found  to  differ  between  insects  and  mammals.  Further 
studies  are  needed,  with  MDP  and  other  synergistic  compounds*  to 
determine  the  mechanism  involved  in  the  higher  sensitivity  of  insect 
then  mammalian  mixed-function  oxidases  to  inhibition. 

t.r.yrxA  or  rxrosrm:  to  mop  compounds 

MDP  com|xnmd$  are  natural  dietary  constituents  and  potential  com 
laininnufs  from  the  use  of  insecticide  synergists.  Certain  of  the  natural 
MDP  com|>oiinds  as  well  as  the  MDP  synergists  act  in  mice  at  high 
dosages  to  give  transient  inhibition  of  liver  microsomal  mixed- 
function  oxidases  (Osillag  ct  at.<  1969),  The  human  dietaiy  level  of 
these  materials,  individually  or  collectively,  is  either  unknown  or  is 
not  in  the  readily  available  literature.  However*  data  on  the  residues 
of  synergists  which  are  in  use  or  are  proi>oscd  for  use  fttv  part  of  the 
jxditions  for  tolerances  or  exemptions  submitted  to  the  CSDA.  There 
is  little  if  any  precise  data  on  human  intake  from  domestic  use  of 
piperonyl  bntoxide  containing  formulation*.  The  chemistry  of  pi|x*r- 
onyl  bntoxide  degradation  on  exposure  to  ambient  environmental 


conditions  is  poorly  understood  flt  present,  although  there  is  evidence 
that  the  MI)P  synergists  are  photoehemically  unstable  to  sunlight. 
(Casida,  1060.) 
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MUTAGENICITY'  OK  PESTICIDES 

Summary  and  Conclusions 

Among  tlie  plethora  of  new  chemicals  in  our  increasingly  complex 
environment,  a number  are  already  known  to  be  mutagenic,  tV., capable 
of  producing  genetic  damage.  YVlien  genet  ic  damage  occurs,  die  burden 
of  hereditary  defeats  in  future  generations  inincreased. 

One  |>otentia1  genetic  hazard  comes  from  pesticides.  Although  we 
can  |>oint  to  no  |>esticide  now  in  wide  use  that  has  been  demonstrated  to 
I*  mutagenic,  t lie  overwhelming  majority  have,  however,  not  l>een  ade- 
quately tested,  although  appropriate  methodologies  nre  now  available. 

We  define  mutations  as  any  inherited  alteration  in  the  genetic  ma- 
terial. Such  alterations  in  exj>osed  individuals  may  lead  to  cancer  and 
to  leralotogicr.l  effects.  Our  main  concern,  however,  is  for  their  de- 
scendants; for  such  changes  lead  to  a wide  range  of  abnormalities,  men- 
ial retardation,  physical  and  mental  disease,  and  all  the  other  inherited 
weaknesses  and  debilities  to  which  mail  is  susceptible.  Since  these  ef» 
foots  will  occur  in  future  generations  and  may  1*  apparent  only  many 
generations  removed, by  the  time  the  effect  is  noticed,  the  damage  is  al- 
ready irreversible.  It  is  therefore  urgent  that  nnv  unit  agonic  chemicals 
to  which  the  Jiopulal  ion  is  ex|>osed  be  promptly  identified. 

There  nre  now  about  400  substances  that,  in  various  forms  nnd 
rombinnlions,  are  currently  used  as  pesticides.  It  is  feasible  to  test  all 
of  these  in  tlu  near  future  for  mutagenicity  in  syrtems  that  are  simple 
and  precise  and  yet  relevant  toman. 

For  these  and  other  reasons  detailed  in  the  rrjiort,  we  recommend 
that : 

a.  All  currently  used  |icsticides  lx*  tested  in  the  near  future  in  four 
systems  (as  indicated  on  p.  002).  Pesticides  should  lie  tested  at  concen- 
trations snlistautially  higher  •ban  those  to  which  the  human  |>opula- 
lioti  is  likely  to  lie  exposed.  Yes!  procedures  should  reflect  routes  of 
human  ex|»osure.  Apart  from  the  obvious  mute  of  ingestion,  particu- 
lar ami  critical  attention  should  lie  directed  tothe  inadequately  appre- 
ciated route  of  inhalation,  es|>ccially  for  |>esticide  aerosols  and  for 
vajiormng  jiesticide  strips  which  are  widely  used  domestically. 

b.  Pesticides  found  to  lie  inactive  in  all  these  tests  may  lie  regarded 
as  safe,  unless  other  evidence  of  mutagenicity  apjiears.  Use  of  muta- 
genic |iesticides  must  lie  rigorously  restricted  or  banned  unless 


thorough  and  impartial  study  demonstrates  convincingly  that  the 
benefit  outweighs  the  risk. 

c.  No  new  pesticides  should  be  registered  until  tested  for 
mutagenicity. 

d.  Some  disinterested  scientific  group  or  commission  should  be 
charged  with  responsibility  for  continued  surveillance  of  the  whole 
problem  of  pesticide  mutagenesis. 

Importance  of  Mutagenicity  as  a Public  Health  Hazard 

A particular  subtle  danger  from  wide  scale  use  of  pesticides  lies  in 
the  possibility  that  some  of  them  may  be  damaging  to  the  hereditary 
material.  If  this  is  so,  we  may  be  unwittingly  harming  our  descend- 
ants. Whether  this  is  happening,  and  if  so,  what  is  the  magnitude  of 
the  effect,  is  regrettably  unknown.  Surely  one  of  the  greatest  res|>onsi- 
bilities  of  our  generation  is  our  temporary  custody  of  the  genetic  herit- 
age received  from  our  ancestors.  We  must  make  every  reasonable 
effort  to  insure  that  this  heritage  is  passed  on  to  future  generations  un- 
damaged. To  do  less,  we  believe,  is  grossly  irresponsible. 

The  first  evidence  that  environmental  agents  under  human  control 
might  have  some  influence  on  the  genetic  constitution  of  future  pop- 
ulations followed  the  discovery  that  high  energy  radiation  causes 
mutations.  The  first  convincing  evidence  of  this  came  with  the  publi- 
cation in  1927  of  M.  J.  Muller’s  classical  paper  “Artificial  Transmu- 
tation of  the  Gene.”  Muller  was  quick  to  point  out  the  potential  health 
hazard  associated  with  indiscriminate  use  of  radiation. 

The  discovery  of  nuclear  energy  brought  a whole  new  dimension  to 
the  problem  and  a greatly  increased  public  awareness  of  genetic  haz- 
ards. Out  of  this  concern,  originally  confined  largely  to  geneticists, 
radiologists,  and  radiation  biologists,  but  later  including  persons  of 
a great  diversity  of  special  interests,  have  come  rigorous  safeguards 
to  insure  that  radiation  exposure  is  kept  to  the  lowest  practicable 
minimum. 

As  soon  as  radiation-induced  mutagenesis  was  discovered,  there  were 
strong  reasons  to  suspect  that  many  chemicals  would  have  the  same  ef- 
fect, but  proof  of  this  did  not  come  until  World  War  II  when  mustard 
gas  was  shown  to  induce  mutations  in  fruit  flies.  Since  that  time,  very 
efficient  test  systems  have  been  developed  and  a large  number  of  chem- 
icals of  a great  diversity  of  structure  and  activity  have  been  shown  to 
be  mutagenic.  The  likelihood  that  some  highly  mutagenic  chemicals 
may  come  into  wide  use,  or  indeed  may  already  be  in  wide  use,  is  great 
enough  to  be  a cause  for  real  concern. 

Pesticides  are  only  a part  of  the  plethora  of  new  chemical  com- 
pounds that  have  become  a part  of  our  environment,  but  they  are  of 
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particular  concern  because  they  are  used  so  widely  and  in  such  enorm- 
ous amounts.  Furthermore,  they  are  very  potent  biologically;  if  they 
weren’t  they  would  not  be  effective  pesticides.  Although  the  mecha- 
nisms by  which  most  pesticides  kill,  or  inhibit  growth,  or  sterilize  the 
various  animal  and  plant  pests  for  winch  they  are  designed  is  thought 
to  be  unrelated  to  genetic  mechanisms,  our  ignorance  of  chemical  mu- 
tagenesis will  not  allow  the  assumption  of  safety  without  specific  mu- 
tagenic tests. 

Wlmt  are  mutations  and  what  effects  will  they  have  on  the  human 
population  i In  its  broadest  usage,  the  word  mutation  is  used  to  desig- 
nate any  inherited  change  in  the  genetic  material.  This  may  be  a 
chemical  transformation  of  an  individual  gene  that  causes  it  to  have 
an  altered  function.  Or  the  change  may  involve  a rearrangement,  or 
a gain  or  loss,  of  parts  of  a chromosome.  This  kind  of  change  is  often 
visible  by  ordinary  microscopy.  We  shall  use  the  word  gene  or  point 
mutation  to  designate  changes  of  the  individual  gene  and  speak  of 
those  changes  which  involve  the  larger  chromosomal  units  as  chromo- 
some aberrations.  In  many  experimental  systems,  these  are  easily 
distinguished,  but  in  human  studies,  classification  of  an  individual 
defect,  as  to  whether  it  is  due  to  a point  mutation  or  a chromosome 
aberration,  is  not  always  possible. 

Mutations  may  occur  anywhere  in  the  body.  Frequently,  the  result 
is  the  death  of  the  particular  cell  in  which  the  change  occurs.  Most 
of  the  time  this  causes  only  local  and  transient  damage,  for  most 
individual  cells  are  quite  dispensable.  Hut  if  the  change  is  of  such 
a nature  as  to  change  the  genetic  functioning  of  the  cell  while  still 
permitting  it  to  divide,  this  change  inay  be  transmitted  to  descendant 
cells  and  the  damage  is  then  less  localized.  The  effect  may  be  cancer 
or  it  may  be  teratogenic;  particularly  if  the  change  takes  place  during 
embryonic  development.  We  are  especially  interested,  of  course,  in 
these  changes  that  occur  in  the  germ  cells — cells  that  are  the  progeni- 
tors of  future  generations.  A mutation  or  chromosome  change  that 
is  transmitted  via  the  sperm  or  egg  to  the  next  generation  can  effect 
every  cell  in  the  body  of  the  descendant  individual,  with  consequences 
that  may  be  disastrous. 

What  kinds  of  effects  on  the  human  being  do  mutations  produce  ? 
Perhaps  the  most  important  fact  to  emphasize  is  that  there  is  no 
single  effect.  Since  every  part  of  the  body  and  every  metabolic  process 
is  influenced  by  genes  to  a greater  or  lesser  extent,  it  comes  as  no 
surprise  that  the  range  of  effects  produced  by  gene  alterations  includes 
every  kind  of  structure  and  process. 

At  one  extreme  are  consequences  so  severe  that  the  individual  can- 
not survive,  so-called  lethal  effects.  If  the  death  occurs  very  early  iff 
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embryonic  development  it  may  never  be  detected.  If  the  death  is  at 
a later  stage,  it  may  lead  to  a miscarriage.  An  Appreciable  fraction, 
very  roughly  one-fourth,  of  spontaneous  abortions,  shows  a detectable 
chromosome  aberration,  and  there  is  no  way  at  ^resent  to  know  how 
many  of  the  remainder  are  caused  by  gene  mutations  or  by  clnomo- 
some  aberrations  too  small  to  detect  by  the  microscope.  If  the  embryo 
survives  until  birth  there  may  be  physical  abnormalities.  There  are 
hundreds  of  known  inherited  diseases  and  probably  many  more  that 
are  unknown,  all  of  which  owe  their  ultimate  cause  to  mutations. 
These  are  individually  rare,  but  collectively  account  for  a substantial 
fraction  of  human  misery.  And,  perhaps  most  tragic  of  all,  genetic 
factors  play  a role  in  the  causation  of  mental  deficiency  and  disease. 

At  the  other  extreme  are  genes  with  mild  effects.  Tlure  with  still 
smaller  effects  finally  become  imperceptible.  In  between  these  extremes 
are  the  whole  gamut  of  minor  to  severe  genetic  defects.  So,  it  is  evi* 
dent  that  the  effect  of  an  increased  mutation  and  chromosome  aberra- 
tion rate  is  not  something  new,  but  rather  un  increased  frequency  of 
diseases,  abnormalities,  weaknesses,  and  assorted  human  frailties  that 
are  already  occurring. 

Many  mutations  produce  effects  that  are  similar  to  those  produced 
by  other,  nongenetic  causes.  And,  we  must  remember  that  spontaneous 
mutations  are  happening  all  the  time.  For  all  these  reasons,  the  impact 
of  environmental  mutagens  is  statistical  rather  than  unique.  This 
problem  is  further  complicated  by  the  time-distribution  of  mutational 
effects.  Some  mutant  genes  are  dominant,  in  which  case,  the  abnormal- 
ity or  disease  will  appear  in  the  very  next  generation  after  the  muta- 
tion occurs.  On  the  other  hand,  the  gent  may  be  recessive,  that  is 
to  say  it  may  require  the  abnormal  genes  in  both  homologous  chromo- 
somes (one  derived  from  the  male  and  the  other  from  the  female 
parent)  to  produce  the  effect.  In  this  case,  the  disease  or  abnormality 
may  be  delayed  for  many  generations  until  some  unlucky  child  inherits 
a mutant  gene  simultaneously  from  each  of  his  parents.  The  net  effect 
of  all  this  is  that,  although  the  first  generation  probably  will  manifest 
a larger  effect  than  will  any  particular  subsequent  generation,  the 
overall  effect  is  spread  over  many  generations.  What  happens  in  the 
first  generation  is  only  a fraction  of  the  total  impact  of  the  mutation 
process. 

That  the  great  majority  of  mutations  should  be  harmful  to  a greater 
or  lesser  extent  (or  at  best,  neutral*),  is  both  a deduction  from  the 
principle  of  natural  selection  and  an  empirical  fact  well  established 
in  experimental  systems.  In  the  human  past,  natural  selection  has 
ruthlessly  eliminated  those  individuals  whose  mutant  genes  caused 
them  to  be  abnormal,  diseased,  or  even  only  slightly  weakened.  As 


a result,  there  has  been  an  approximate  equilibrium  between  the 
introduction  of  new  mutant  genes  into  the  population  by  mutation 
and  the  elimination  of  old  genes  by  natural  selection.  But  with  our 
present  high  standards  of  living  and  health  care,  many  mutants  that 
in  the  past  would  have  caused  dcatli  or  reduced  fertility  now  persist. 
So  the  equilibrium  is  out  of  balance  and  new  mutants  are  being  added 
to  the  population  faster  than  they  are  being  eliminated.  This,  coupled 
with  the  near  eradication  of  many  infections  diseases,  means  that  now 
and  in  the  future  our  medical  problems  will  be  increasingly  of  genetic 
origin. 

A mutation,  once  it  has  occurred,  is  transmitted  from  parents  to 
succeeding  generations.  If  the  gene  causes  a lethal  or  sterilizing  effect, 
it  will  persist  for  only  one  generation  and  affect  only  one  person.  On 
the  other  hand,  if  it  causes  only  a slight  impairment  it  may  be  trans- 
mitted on  from  generation  to  generation  and  thereby  affect  many  peo- 
ple. There  is,  therefore,  generally  an  inverse  relation  between  the 
severity  of  the  gene  effect  and  the  number  of  persons  that  will  be  ex- 
posed to  this  effect.  If  it  were  not  for  this,  we  could  dismiss  as  rela- 
tively unimportant  the  effects  of  mild  mutants.  Hut  in  any  overall 
consideration,  we  must  consider  many  persons  mildly  affected  as  being 
of  comparable  importance  to  one  individual  severely  affected.  Experi- 
ments on  fruit  flies  show  that  mildly  deleterious  mutations  occur  with 
much  greater  frequency  than  do  more  severe  mutants — at  least  10 
times  as  frequently.  All  this  makes  it  likely  that,  although  an  in- 
creased mutation  rate  would  cause  a corresponding  increase  in  severe 
abnormalities  and  genetic  diseases,  the  major  statistical  impact  of 
a mutation  increase  on  the  human  population  would  be  to  add  to 
the  burden  of  mild  mutational  effects.  This  would  make  the  popula- 
tion weaker,  more  prone  to  disease,  and  more  likely  to  succumb  to  an 
effect  that  otherwise  would  be  resisted. 

All  these  implications  mean  that  it  is  not  possible  to  predict  in 
detail  the  kinds  of  effects  that  would  occur  following  an  increased 
mutation  rate,  nor  their  distribution  in  time.  Nor  can  we  be  at  all  ac- 
curate in  any  quantitative  assessment  of  the  total  harmful  impact  of 
mutation  on  the  population  in  comparison  with  other  hazards.  So, 
in  weighing  benefits  against  risks  of  possibly  mutagenic  pesticides, 
we  have  only  a vague  idea  of  the  nature  and  magnitude  of  the  risk. 
We  must  remember,  however,  that  genetic  damage  is  irreversible  by 
any  process  that  we  know  of  now.  The  risk  to  future  generations, 
though  difficult  to  assess  in  precise  terms,  is  nevertheless  very  real.  The 
prevention  of  any  unnecessary  mutational  damage  is  one  of  our  most 
important  and  immediate  responsibilities. 

Despite  the  extensive  use  of  pesticides,  our  information  on  their 
possible  mutagenicity  is  grossly  inadequate.  Several  have  been  tested 
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in  various  test  systems,  but  we  believe  that  none  lias  had  the  kind 
of  systematic  testn  g that  would  be  regarded  as  adequate.  Such  test- 
ing, we  believe,  is  entirely  practical  and  feasible.  There  are  nu- 
merous widely  used  test  systems  that  are  precise,  efficient  and 
relatively  inexpensive.  However,  these  mainly  depend  on  microbial, 
insect,  or  plant  systems  and  there  is  a question  as  to  their  relevance  to 
man.  For  definitive  testing,  it  is  necessary  to  use  systems  that  have  a 
high  degree  of  presumptive  human  relevance.  We  believe  that  such 
satisfactory  systems  now  exist,  that  are  practical,  sensitive  and  rele- 
vant. In  this  report,  we  recommend  that  a combination  of  these  be 
routinely  applied  to  all  pesticides. 

Methodologies  for  Mutagenicity  Testinq 

A variety  of  methodologies  are  now  available  for  mutagenicity  test- 
ing. From  the  criterion  of  presumptive  human  relevance,  they  have 
been  categorised  as  ancillary  systems  and  as  mammalian  systems. 
The  human  relevance  of  data  obtained  from  ancillary  test  systems 
is  uncertain,  in  view  of  factors  such  as  cell  uptake,  metabolism,  detoxi- 
fication, dosage,  and  method  of  administration.  The  mammalian  sys- 
tems embody  fewer  of  these  drawbacks. 

Since  no  single  method  can  detect  all  possible  types  of  mutations,  a 
combination  of  methods  must  be  used.  A positive  result  in  any  of  the 
mammalian  systems  represents  evidence  of  a potential  mutagenic 
hazard.  The  danger  inherent  in  the  use  of  restricted  and  inappro- 
priate test  systems  is  apparent  from  recent  contract-supported  studies 
in  which  mutagenic  activity  of  pesticides  was  tested  in  microbial 
systems.  In  these  studies,  the  microbial  systems  could  have  detected 
only  point  mutations,  whereas  structural  considerations  indicated  that 
the  pesticides  tested  could  only  induce  inactivating  DNA  alterations 
resulting  in  chromosome  breaks  and  aberrations.  Additionally,  some 
of  the  pesticides  required  microsomal  enzymatic  activation  which 
could  only  occur  in  in  vivo  mammalian  test  systems. 

In  addition  to  these  test  procedures,  human  population  monitoring 
may  reveal  mutagenic  effects  of  pesticides  or  any  other  environmental 
agents  that  have  escaped  detection. 

Ancillary  method* 

Bacterial . — A variety  of  relatively  simple  and  inexpensive  tests 
nre  available  for  demonstrating  point  mutations.  (I)  However,  these, 
systems  are  generally  insensitive  to  chemicals  inducing  chromosome 
breakage  in  higher  cell  forms.  Reverse  and  forward  mutations  nre 
generally  tested  using  biochemical  markers;  additionally,  drug  resis- 
tance is  used  as  a marker  for  forward  mutations.  These  methods 
include: 
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a.  Reverse  mutation  system  in  Salmonella.  Histidine-requiring  mu* 
tftnts  exist  which  revert  by  single  base  pair  changes,  i.e.,  transitions  or 
base  pair  insertions  or  deletions.  By  selection  of  the  proper  strains, 
most  possiblepoint  mutation  mechanisms  can  be  detected. 

b.  Forward  mutation  systems  based  on  resistance  to  streptomycin  or 
other  antibiotics,  can  bo  used.  It  is,  however,  uncertain  how  many 
places  in  the  gene  can  mutate  to  give  resistance  mutants,  and  therefore, 
it  is  a question  whether  all  types  of  base  pairs  changes  can  be  detected. 

c.  Differential  staining  techniques  (Eosin-Methylene  blue),  exist  in 
which  lactose  nonfermenting  mutations  can  be  detected  and 
quantitated. 

CITED  REFERENCE 

(7)  Whitfield,  H.  J.,  Martin,  It,  and  Ames,  D.  J.  Molecular  Biology  21:  335. 
1000. 

Neurospora. — Neurospora  crassa  is  a haploid  organism  with  seven 
chromosomes  and  a normal  meiotic  cycle.  However,  by  using  a bal- 
anced heterokaryon  between  biochemically  marked  strains,  the  diploid 
phase  of  higher  organisms  can  be  mimicked.  Chromosome  deletions 
as  well  as  point  mutations  can  thus  be  detected.  Forward  mutations 
can  be  recovered  in  the  ad*3  region  of  chromosome  1 (f) , without  apply- 
ing selective  techniques.  Either  growing  cultures  or  spore3  ( conidia ) 
can  be  exposed  to  chemicals  under  test.  After  the  treatment,  conidia 
are  inoculated  into  10  litre  Florentine  flasks  and  incubated  for  7 days. 
Each  flask  can  contain  10°  colonies  which  are  screened  for  presence  of 
purple  mutants.  The  frequency  of  the  different  fractions  of  the  conidia 
population  from  the  heterokaryon  can  be  determined  by  plating  on 
different  substrates. 

Very  refined  genetic  analysis  can  be  carried  out  on  the  mutants.  The 
frequency  and  the  size  of  the  chromosome  deletion  can  be  determined 
(5),  and  the  genetic  alterations  of  the  point-mutations  can  be  iden- 
tified at  the  molecular  level  {3.  4).  From  the  plate  counts,  it  is  possi- 
ble to  distinguish  between  nuclear  and  cytoplasmic  inactivation. 

Mutations  frequencies  induced  by  500  r can  be  easily  and  practically 
detected.  Neurospora  is  obviously  metabolically  different  from  mam- 
mals; therefore,  tests  for  mutagenicity  should  include  mammalian 
metabolites  of  the  pesticide  and  the  use  of  Neurospora  in  the  host 
mediated  assay  system  (0). 
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Phage  and  transformation  {1) : Phages. — Bacteriophage  T4  is  prob- 
ably the  best  available  system.  Forward  mutations  to  “r”  phenotype 
are  of  low  sensitivity;  reverse  mutations  of  “rll” — type  mutants  are 
of  high  sensitivity.  Chemicals  inducing  point  mutations,  which  alter 
DNA  either  chemically  (treatment  of  free  phages)  or  during  its  dupli- 
cation inside  the  bacteria  can  be  detected.  The  sensitive  assay  of  reverse 
mutations  induction  responds  only  to  those  agents  which  induce  the 
required  specific  base  pair  change,  e.g.,  J$*Q.  In  order  to  detect  all  types 
of  base  pair  changes,  a set  of  about  6 rll  mutant  strains  having  the 
required  base  pa;,  changes  should  be  tested.  Agents  which  induce  only 
inactivating  DNA  alterations  rarely  induce  point  mutations.  They  do, 
however,  inactivate  phage,  but  only  more  detailed  genetic  tests  can 
verify  that  the  inactivation  is  not  caused  by  an  alteration  of  phage 
protein. 

Transformation. — The  ideal  system  is  that  of  linked  mutation  induc- 
tion, which  at  present,  is  limited  to  the  induction  of  fluorescent  mutants 
in  the  tryptophan  operon.  Forward  mutations  to  fluorescence  are  of 
medium  sensitivity.  Reverse  mutations  to  indole  independence  are  of 
high  sensitivity.  In  these  systems,  inactivating  DNA  alterations  can  be 
measured  and  quantitatively  compared  to  mutagenic  DNA  alterations. 
It  has  been  shown  that  radical  producing  agents,  known  to  induce  both 
chromosome  breaks  and  large  chromosome  mutafbns,  inactivate  trans- 
forming DNA  but  do  not  induce  point  mutations.  Thus,  in  most 
bacterial  or  phage  systems,  these  agents  would  not  induce  mutations 
and  might  be  erroneously  labeled  nonmutagenic.  Only  agents  which 
directly  act  on  resting  DNA  can  be  easily  assayed.  For  agents,  like 
base  analogs,  which  induce  mutations  in  duplicating  DNA,  such 
measurements  are  difficult. 
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Plants, — An  extensive  body  of  literature  exists  on  the  response  of 
higher  plants  to  chemical  mutagens  and  many  of  the  techniques 
laboriously  worked  out  for  experiments  with  physical  mutagens  should 
be  equally  applicable  to  experiments  with  known  or  suspected  muta- 
gens (30 , !fi,61,105). 

Since  the  literature  indicates  that  many  of  the  well  known  mutagenic 
and/or  chromosome  breaking  chemicals  are  as  effective  in  plant  ma- 
terial as  in  animal  test  systems  and  since  several  of  the  plant  systems 
can  detect  effects  of  such  substances  applied  in  the  gaseous  state  (95), 
and  since  some,  if  not  all,  plant  species  are  highly  susceptible  to  chem- 
ical mutagens,  appropriate  plant  material  should  be  included  in  the 
battery  of  tests  to  be  performed  in  screening  or  testing  for  mutagenicity 
of  various  chemical  compounds.  Further,  since  plant  chromosomes  are 
structurally  more  akin  to  mammalian  chromosomes  than  are  those  of 
viruses,  bacteria  and  other  prokaryotic  organisms,  responses  of  plant 
chromosomes  to  chemical  mutagens  should  provide  valuable  informa- 
tion with  respect  to  their  possible  mutagenicity  in  mammals.  Also,  the 
factors  determining  the  inherent  radiosensitivity  of  plant  cells  are  now 
fairly  well  understood  (102)  and  this  knowledge  may  offer  valuable 
guidance  for  w >rk  with  chemical  mutagens. 

Plant  test  systems  include  many  species  and  a considerable  variety 
of  possible  proredures  at  various  stages  of  development  (table  1). 
It  is  not  feasible  to  select  a specific  test  as  the  best  in  all  possible  cases. 
Circumstances  and  objectives  of  the  experiment  would  determine 
which  test  and  which  species  should  be  recommended. 

The  efficiency  of  the  various  plant  test  systems  varies  widely.  How- 
ever, some  of  the  most  efficient  ones  compete  favorably  with  other 
nonplant  tests  and  some  e.g.,  Tradescantia , have  the  advantage  that 
they  can  be  used  as  monitors  over  long  exposure  periods.  Inspection 
of  the  flowers  for  somatic  mutations  once  or  twice  a week  should 
reveal  quickly  whether  or  not  a level  of  mutagen  exposure  has  oc- 
curred. Of  course,  the  lower  the  level  or  the  shorter  the  exposure,  the 
more  effort  is  required  to  show  a significant  increase  above  the  nor- 
mal background  rate.  Tradescantia  is  especially  sensitive  to  both 
ionizing  radiation  (66,  97)  and  chemical  mutagens  (95),  with  the 
effects  of  a few  rads  being  readily  detectable  and  saturation  of  the 
somatic  mutation  rate  occurring  around  200  R of  gamma  rays  ( 72 ). 
Some  other  plant  systems  such  as  somatic  mutation  in  Nicotiana  are 
also  very  sensitive  (86) ; those  in  which  mutations,  chromosome  aber- 
rations or  lethal  effects  are  readily  detectable  in  microspores  or  pollen 
tend  to  be  highly  efficient  (table  1). 

A partial  list  of  chemical  mutagens  and/or  pesticides  known  to  be 
effective  in  higher  plants  is  given  in  tables  2 and  3.  Several  other 
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pesticides  are  also  known  to  be  mutagenic  in  plants,  e.g.,  cytrol  (///), 
hyvar  (///),  lindane  (90),  and  vapona  (00).  An  indication  of  relative 
imitation  rates  produced  by  gamma  rays  and  various  chemical  muta- 
gens in  several  test  systems  is  given  ill  table  4. 

A brief  outline  of  the  procedures  considered  to  be  most  promising 
for  chemical  mutagen  studies  follows.  It  includes  methods  for  analyz- 
ing various  types  of  chromosomal  aberrations,  mutations  and  lethal 
effects  and  includes  the  specific  locus  method.  1 

Mutation  induction  by  seed  treatment. — Barley  (I/ordeum)  has 
been  used  extensively  in  the  study  of  induced  hereditary  changes.  This 
plant  can  be  recommended  because  of  the  extensive  knowledge  of  its 
genetics  including  numerous  and  distinct  chlorophyll-deficient  muta- 
tions (76)  and  because  of  the  low  number  (2n=14)  of  relatively 
largo  chromosomes.  The  seed  is  very  easy  to  store,  treat  and  handle, 
and  the  seedlings  are  small  and  easy  to  grow.  Responses  to  mutagen 
treatment  which  may  be  measured  include:  (1)  Chromosome  aberra- 
tions in  shoot-  or  root-tip  cells  of  treated  seeds;  (2)  chromosome 
aberrations  in  the  pollen-mothcr-cells  of  M*  plants;  (3)  chlorophyll- 
deficient  mutations;  (4)  pollen  abortion;  (5)  alteration  of  the  ob- 
served mutation  spectrum  of  M2  seedlings;  (6)  seedling  growth  re- 
duction; (7)  survival;  (8)  spike  fertility;  and  (9)  yield  of  spikes  per 
plant. 

The  complete  techniques  for  handling  mutagen -treated  barley  seeds 
(54),  as  well  as  more  detailed  descriptions  of  both  laboratory  (70) 
and  field  culture  of  seedlings  (71)  have  been  described.  These  tech- 
niques are  easily  modified  for  use  with  seeds  of  many  other  higher 
plant  species. 

The  basic  difficulty  with  progeny  testing  for  mutation  in  higher 
plants  is  the  long  generation  time  involved.  By  growing  the  M« 
generation  in  the  greenhouse,  the  time  has  been  reduced  to  less  than  1 
year  with  barley.  However,  this  is  still  too  long  for  rapid  screening 
of  mutagens.  The  techniques  with  barley  have  been  developed  to  the 
point  that  it  is  known  that  there  is  excellent  correlation  between  the 
Mi  seedling  growth  inhibition,  and  the  Ma  seedling  chlorophyll  muta- 
tion frequency  (77).  This  relationship  also  exists  between  seedling 
growth  inhibition  and  chromosome  aberrations  in  the  Mi  shoot  or  root 
tip  (10).  Therefore,  in  1 week  rapid  data  may  be  obtained  concerning 
the  mutagenicity  of  a compound.  Another  possibility  in  seed  muta- 
genesis is  to  use  small  more  rapidly  grow  ing  plants  such  as  Arahidop - 
m as  has  been  done  with  much  success  by  R£dei  and  Li  (#4).  This 
plant  is  sensitive  enough  to  detect  low'  frequencies  of  mutation  induced 
by  DNA  base  analogs  (<?S). 


A limitation  of  the  above  method,  namely  progeny  testing,  is  over- 
come if  seeds,  heterozygous  for  a marker  gene,  are  used.  This  specific- 
locus  technique  was  employed  by  Smith  (93)  on  the  Ygt/yg 3 
(light-green)  locus  in  maize  (Zea  mays).  The  yg2  is  nonletlial  in 
homozygous  condition  and  the  Ygjyg*  seeds  are  produced  by  crossing 
Yg%/yg%  to  female  ygjyg2 , This  same  technique  could  be  employed  in 
barley,  where  efficient  methods  for  production  of  hybrid  seeds  now 
are  available  (82).  Arab  id  ops  is  gives  the  combined  advantages  of 
somatic  detection,  a short  generation  time  and  small  size  ( 65 , 84,  94)- 

Root  tip  method  for  chromosome  aberrations. — Root  tips  of  cer- 
tain plant  species  provide  excellent  material  for  chromosome  aberra- 
tion studies  and  have  been  extensively  used  for  this  purpose  following 
exposure  to  chemical  mutagens  (61).  Appropriate  species  are  easy  to 
obtain  and  grow,  easy  to  treat  with  aqueous  solutions,  and  have  several 
large  root  tips  providing  a large  cell  population.  Also,  many  have  a 
relatively  small  number  of  large  chromosomes  and  hence  analysis  of 
the  numbers  and  kinds  of  aberrations  produced  is  relatively  easy. 
Treatment  periods  are  short  (minutes  to  hours)  but  fixations  should  be 
made  up  to  48  hours. 

At  the  present  time,  chromosome  scoring  is  done  by  eye  but  the  small 
number  of  large  chromosomes  should  make  plant  material  excellent 
for  computer  assisted  analysis.  Recommended  material  with  diploid 
chromosome  numbers  are:  Allium  cepa  (16)  BeUcvalia  romana  (S), 
Campelia  zanonia  (16),  Crepis  capillaris  (6),  Haplopappus  gracilis 
(4) , Ilordeurn  (14) , Lilium  (24) , Trade  scant ; a (12)  and  Vida  faba 
(12).  Suitable  cytological  methods  are  described  in  various  publica- 
tions, eg,,  Darling  and  LaCour  (15)  and  Sharma  and  Sharma  (91). 
The  method  can  be  developed  for  fairly  rapid  screening. 

Somatic  Mutation  Methods. — Tradescantia.  plants  heterozygous  for 
flower  color  provide  a useful  test  system  for  physical  or  chemical 
mutagens.  This  plant  is  relatively  easy  to  grow  under  a wide  range 
of  environmental  conditions,  blooms  continuously  throughout  the  year 
thus  providing  material  for  somatic  mutation  analysis,  has  12  large 
chromosomes  and,  coincidentally,  has  a cellular  radiosensitivity  similar 
to  that  of  mammalian  cells.  Special  clones,  heterozygous  for  flower 
color,  can  be  used  for  easy  detection  of  somatic  mutations  in  both 
petal  and  stamen  hair  tissues  using  only  a dissecting  microscope  and 
elementary  laboratory  techniques  (42, 67, 72, 97).  These  clones  can  be 
readily  propagated  by  cutting,  and  root  easily  to  provide  material  for 
chromosome  analysis  (99) . Chromosome  aberrations  can  also  be  studied 
in  various  other  tissues  (petal,  stamen  hair  (17),  and  during  micro- 
sporogenesis  (26)). 
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Young  flower  buds  on  intact  plants  or  on  cuttings  may  be  exposed 
to  various  mutagens  in  either  a gaseous  or  aqueous  state.  Material  for 
cytological  studies  may  be  fixed  within  24  hours  after  treatment ; pollen 
abortion  in  mature  flowers  may  be  observed  with  peaks  at  5 to  7 and 
16  to  20  days  after  treatment,  reflecting  injury  induced  during  micro- 
spore mitotic  and  meiotic  stages  respectively;  loss  of  reproductive  in- 
tegrity of  stamen  hairs  reaches  a maximum  at  about  14  days;  and 
somatic  mutations  and  morphological  changes  in  petals  and  stamen 
liaii*s  may  be  scored  throughout  a 10-  to  20-day  post-treatment  period ; 
stamen  hairs  (17)  and  haploid  pollen  tubes  (95)  provide  excellent 
material  for  chromosome  analysis. 

Various  other  genera  and  species  have  also  been  used  to  detect 
somatic  mutation  and  morphological  changes  in  petals  and  stamen 
and  should  be  equnlly  useful  in  chemical  mutagen  studies  (table  1). 
S]>ecific-locwi  method  (\eaxy  locus)  in  pollen. — The  waxy  locus  in 
mnize,  barley,  and  lice  determines  the  type  of  starch  which  is  synthe- 
sized in  the  triploid  endosperm  and  in  the  haploid  pollen  grain.  Ill 
the  case  of  the  pollen  grain  the  phenotype  is  determined  by  its  own 
genotype  and  not  by  the  genotype  of  the  plant.  The  dominant  tex 
pollen  grains  stain  blue  with  an  iodine -potassium  iodide  stain  while 
recessive  wx  pollen  grains  stain  a reddish-brown  color  (73,  74)  be- 
cause wx  pollen  Incks  the  enzyme  required  in  the  last  step  of  starch 
formation.  Since  the  wild  type  is  wx , the  frequency  of  induction  of 
wx  can  be  assayed  in  millions  of  pollen  grains  relatively  easily  and 
quickly.  Furthermore,  the  phenotype  appeal's  in  the  treated  genera- 
tion, and  does  not  require  the  time  necessary  to  obtain  an  M3  genera- 
tion. This  technique  was  used  in  barley  by  Eriksson  (23)  who  irra- 
diated plants  homozygous  for  wx  and  analyzed  the  frequencies  of 
reversions  from  the  teaxy  phenotype  to  the  wild  type,  and  Baldi,  (-5) 
who  studied  the  spontaneous  back  mutation  rnte  at  this  locus  in  rice. 
The  frequency  of  intrn-cistron  recombination  may  also  be  measured 
with  this  technique  by  crossing  two  wx  mutants  of  independent  origin 
and  collecting  and  staining  pollen  from  the  Ft  as  done  by  Briggs  and 
coworkers  (0,  7)  for  EMS-  and  radiation-induced  mutations.  This  is 
a very  simple  and  rapid  technique  for  detecting  even  very  low  fre- 
quencies of  induced  mutations  in  higher  plants. 
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Table  2. — Partial  lift  of  chemicals  known  to  product  mutations  or 
chromosome  aberrations  in  higher  plants  with  literature  citation. 


Chemical 


MaUtton  Chr.  Aber. 


Acridine  (and  derivatives) 12 

Alkaloid*: 

Colchicine 85 

Morphine 80 

Scopatamlne 80 

Amine*,  and  related  compound*: 

Acetylethylenefmine 79 

2-c  hi  or  o triethyl  amine 57 

Ethylenelmlne 22 

Hydra  tine 43 

Hydroxyurea 49 

Maleic  hydra  tide 29  16,  29 

N-methylphenylnltrosoa  Mne 48 

Nitrosoamlncs 107 

Triethylene  melamine 8 

Anlfttofto,  and  related  compound*: 

Amlnopterin 65  47 

8trepton!grin 1 61 

Nebularine  (9-0-D-ribofuranoaylpurine) 110 

Bromine 9 

Ccepryn 96 

2,2-dtehlorovinyl  dimethyl  phosphate  (Vapona) 90 

Diethyl  iul/ale 34,57  

Epoxide*: 

Dlepoxy  butane 21 

Ethylene  oxide 34,  103,  110  95 

01  yc  Idol 19 

Food  additive*: 

Butylaled  hydroxy  toluene 90 

Butylaled  hydroxy  anUote 90 

Coumarin 1* 

Sucaryl 90 

Hexachlorocytlohexane 68 

Isopropyl  phenyl  carbamate 18 

Me^eur$  compound*: 

Ethyl  mercuric  phoephate 87 

Methyl  mercuric  hydroxide 83 

Phenyl  mercuric  hydroxide 63  63,  83 

MuUard*: 

Sulfor  mustard ^ 

Nitrogen  mutt  .rd- 37,  W 14,78 

Kvcteoiide*: 

adenine  artbinoride  (araWnosyl-adenine) 82 

adenine  xyfoshte  (xylosyl -adenine) * - * 82 

5-bcomodeoiyc /Udine.**  ******** 38 

.Vbromodeoxyuridine. . . * * * 38 

deoxyadenotlne * * 47 
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Table  2. — Partial  list  of  chemicals  known  to  produce  mutations  or 
chromosome  aberrations  in  higher  plants  with  literature  citation — Con. 


Chemical 


Mutation  Chr.  Aber. 


Nuclto*  idt  j- ‘Continued 

cytosine  arablnoslde 47 

5-fluorodf'OxyurIdinc  t,FUdR) 47,  106 

1- methyl-3-nltro-l-rItroso-guanldinc 44 

N-methyl-N'-nltro^ogiianldinc 92 

Petticidu:  (See  table  111.) 

0-proplolactono.. 96,104 

Purina: 

2- amInopurlne 32,63 

caffeine  (1,3,7-trimelhyl-xanthinc) 50 

S-ethoxy  caffeine 45, 6 1 

1 ,3 , 7,9 -t  dram  ethyl  uric  acid 51 

Sulfonic  Qcid$  and  derivatira: 

methane  fulfona te-bromoe thy  1 36 

n-buty) 57,77  

chlorocthyl 36 

ethyl 1,2,6,84 

0-hydroxyclhyl 28 

0-melhoxy  ethyl 28 

methyl 57,68  

Isopropyl 57,  77  

mpropyl 20,67  

0* methane  sulfonyl  oxybutane  (Myleran) 32,  36, 110  110 

diethyl  1,3*propanedisuJfonato 110 

o-sul/oboniofcimldc  (Saccharin) 90 

Urrthtna: 

ethyl 80 

N-nltroso-N-rnethyl 48 


Table  3. — LUt  of  various  pesticides  (l ,000  p.p.tn.,  12  hrs.)  known  lo 
produce  mutations  In  barley  and  relative  efficiency  of  each  to  con* 
trol  and  to  6,600  R of  X rays  (Wuu  and  Orant,  ///) 


TmtmtcS  feWUrt 

(AtVotjr 


Loros 30 

Sima  tine 24 

ENT-50612 14 

At  ratine 10 

Momiron * 10 

Embutox  E 9 

SevJn 9 

BanvH  I) 7 


TrtftlnttS 

RtUiftc 

tariff*? 

Botran 

7 

PhcKohamfdon 

7 

Alans  p-3 

1 

Metepa 

4 

Endrin 

3 

X far* * ti 

Control 1 
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Table  4. — Maximum  percent  mutations  reported  for  a series  of 
mutagens  tested  on  several  organisms  (67) 


AfeaU 


WcUttonJ  *t  MYcri]  tod  MoUttotu  At  ipedAc  toe! 


xnaUnU 
maUted  •pUti1 


DroAophU* 
•ex-linked 
rec,  tethAti  * 


ArvMpofi  SdU/#.  poiaV 
« 4 rttec-  1 1§  rtTer- 

itoni  * itons  * 


Qimma  ray* 

Diethyl  sulfate  (dES) 

Methyl  mcthaneflulfonate 

(MM© 

Ethyl  methaneflulfon&te  (EM©. 
Chloroethyl  methaneaul/onato.-. 
n-Propyl  methanesulfonate 

(nPMS) 

Isopropyl  mcthanesulfonatc 

(laoPMS) 

n-Butyf  ^ethaneauUonate 

(nBM© 

Ethyl  ethanes  ull  on  »t<3  (EES) 

Mtrcgsn  mustards: 

2<h!orotrielhy  lam!  tie 

chlorodlmclhylamlnc 

Ethylenelmlne 

DiepoxybuUne 

Olyctdol 

Ethylene  oxide 


17 

43 18  01200 

33  11*6  0*0220 

57  39*0  17  0*0910 

51  9*9220 


26 


20 


23  *8 

25 


15  0-0009 

1*7 

28 16  

85  0-0160 

22  34  0 - 0240 

13 17 
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DrotophiU.— While  there  are  a considerable  number  of  mutation 
tests  that  are  capable  of  being  carried  out  on  Drosophila  (/),  we  refer 
here  primarily  to  those  which  In  general  are  simple,  rapid  and  unam- 
biguous in  interpretation.  They  are  also  reasonably  inexpensive  to 
perform.  The  type*  of  testa  described  below  may  be  run  independently, 
or  two  or  more  tests  may  be  carried  out  on  the  same  group  of  treated 
individuals  by  using  special  stocks.  Detailed  proccduies  will  not  be 
presented ; however,  many  of  the  tests  are  discussed  in  general  ge- 
netics texts  or  in  references  listed  below  (I). 

1-robably  'he  most  widely  used  experimental  procedure  is  the  rex- 
linked  recessive  lethal  test.  Hither  rex  may  be  treated  and  mutation 
frequencies  from  successive  germ  cell  stages  may  be  obtained.  The 
test  requires  that  two  generations  be  bred;  however,  chemical  muta- 
gens often  produce  delayed  or  mosaic  effects  and  a third  generation 
may  be  necessary,  targe  numbers  of  progeny  may  be  tested  and  since 
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ft  lethal  is  indicated  by  the  absence  of  an  entire  class  of  flies,  the  test 
is  objective.  Lethals  are  among  the  most  commonly  induced  mutations. 
While  the  number  of  gametes  nnnlyznblc  will  vary  with  the  number 
of  persons  employed,  a staff  of  2 or  3 can  screen  between  5,000  and 
10,000  X ‘chromosomes  a month. 

The  purpose  of  the  experiment  with  mutagens  should  determine 
the  experimental  precautions  employed.  Whenever  quantitative  mu* 
tation  frequencies  are  required  in  order  to  compare,  for  example,  re- 
sults from  different  mutagens  or  different  cell  stages  etc.,  then  the 
age  of  the  flies,  the  breeding  periods,  the  cell  sampling  procedures 
as  well  as  other  physiological  and  environmental  variables  must  be 
rigorously  controlled.  On  the  other  hand,  if  only  n relative  index  of 
mutagenicity  is  sought,  these  variables  need  not  be  as  stringently 
controlled. 

The  two  generation  reciprocal  translocation  test  is  one  that  is  in 
general  use  in  many  laboratories.  The  test  is  similar  to  the  sex-linked 
lethal  test,  requiring  single  cultures  for  each  F,  individual  tested. 
Screening  of  F*  progeny  is  more  difficult  and  time  consuming  than  for 
lethals,  but  the  test  is  an  objective  and  reliable  index  of  chromosome 
breakage.  Me i otic  and  i>ost-meiotic  male  germ  cells  are  most  effectively 
studied.  Four  to  six  weeks  (if  retests  are  carried  out)  may  l>e  required 
to  complete  the  translocAtion  test 

Sex  chromosome  loss  experiments  are  a one-generation  test  which 
detect  either  complete  or  partial  loss  of  the  $ex  chromosomes,  the  loss 
resulting  primarily  from  chromosome  breakage.  The  test  is  useful 
because  either  sex  may  be  treated,  the  phenotypes  of  the  exceptional 
classes  of  offspring  are  readily  discernible  from  the  normal  progeny, 
and  large  numbers  of  flies  may  be  rapidly  screened  with  eacli  indi- 
vidual representing  a treated  gamete.  It  should  be  |>ossible  to  examine 
a minimum  of  5,000  progeny  from  treated  gametes  /*r  day  i#r  investi- 
gator. Although  many  more  chromosomes  can  lie  tested  /vr  man  hour 
by  this  method  than  by  the  recessive  lethal  method,  many  mutagens 
may  be  more  effective  at  inducing  lethals  and  other  |*>int  mutations 
than  chromosomal  loss. 

A second  one-generation  test  of  great  usefulness  in  detecting  chro- 
mosome rearrangements  induced  in  either  sex  is  the  bithorax  method 
of  liewis  (./).  A conspicuous  enhancement  of  the  bithorax  phenoty|>e 
signals  a chromosome  rearrangement,  translocation  or  inversion,  in* 
voicing  chromosome  3 (one  of  the  two  large  autosome  pairs  of  Pro • 
*ophifa).  Kach  Ki  represents  a treated  gamete  and  only  the  excep- 
tional progeny  need  lie  further  analysed  to  verify  the  transmission 
and  to  determine  the  nature  of  the  change.  Probably  no  more  than 
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4,000-8,000  chromosomes  can  be  analysed  per  week  by  a single  worker. 
Spontaneous  rearrangements  are  extremely  rare. 

A third  chromosome  breakage  study  applicable  only  to  oocyte  test- 
ing involves  detachment  of  attached  X-chromosomes  (4,  6).  A simple 
phenotypic  difference  permits  rapid  classification  of  the  normal  from 
the  exceptional  progeny.  The  spontaneous  frequency  of  detachment 
is  of  the  order  of  1 per  1,500  gametes.  Probably  10,000-15,000  chro- 
mosomes from  an  array  of  oocyte  stages  can  be  tested  per  week  per 
person.  The  mature  oocyte  is  perhaps  the  stage  of  greatest  sensitivity 
to  chromosome  damage  as  indicated  by  irradiation  studies. 

AH  of  the  last  three  mentioned  tests  need  not  he  counted  “by  hand'*. 
The  investigator  can  screen  for  the  exceptional  flics  and  the  rest  can  be 
counted  rapidly  and  accurately  by  an  electronic  fly  counter  (£). 

CITED  REFERENCES 

(!)  Ainuuctt,  O.,  Mutation,  Oliver  k Bord,  Ix)ndon,  1002. 

(i)  Mi'Ltxa,  If.  J.  and  I.  I.  Osttm,  Some  mutational  techniques  In  flroiopMto, 
tn  Methodology  In  Ilaalc  Uenetlca,  cd.  W.  J.  Burdette,  Holden-I>ay,  Inc. 
San  Francisco,  1001 

($)  Lewis.  KL  II.,  Hie  theory  and  application  of  a new  method  of  detecting 
chromosomal  rearrangement*  In  firotophila  X!cl*no9*i1cr,  American 
Naturalist  88 : 223-230. 1034. 

(41  Mcixr*,  If.  j.  and  1.  II.  KIemkowitx,  Concerning  the  healing  of  chromosome 
ends  produced  by  breakage  in  DroiofMto  l/clasogatfcr.  American  Na- 
turalist, 88:  177-208, 1034. 

(5)  Pax  term,  D.  R,  Radiation  Induced  exchange*  In  Droiophtto  female*.  Proc. 
Nat.  Acad.  Sd.  IML,  40 : 703-800, 1034. 

($)  Knonmr,  O.  and  K.  B.  l^wia,  t)  oiopMIt  counter.  J.  Hered.  50 : 73-77. 1030. 
it  am  motion  method* 

Cytogenetic*  and  *omotic  cell  genetic*. — In  appraising  any  method 
for  mutagenicity  testing,  it  is  important  to  be  clear  as  to  what  we  are 
asking  of  the  method.  After  this,  the  advantages  and  disadvantages 
of  any  test  system  can  be  better  assessed.  With  a cytogenetic  test 
system,  we  are  seeking  for  morphological  evidence  of  damage  to  the 
genetic  material.  With  ibis  in  mind*  some  of  the  obvious  advantages 
are  the  wide  number  of  species,  including  human,  that  can  be  examined 
by  these  methodologies;  the  fact  that  it  can  be  performed  on  both 
fn  rlro  and  in  r Itro  systems;  the  genetic  material  is  being  observed 
directly,  and  the  tests  can  be  accomplished  relatively  rapidly  with 
limited  expense.  Disadvantages  include  the  fact  that  it  needs  a well- 
trained  examiner  for  accurate  results;  there  are  possibilities  of  subjec- 
tive errors ; procedures  need  to  be  standardised,  at  least  within  certain 
limits,  in  order  to  have  the  tests  reprod'icible  from  laboratory  to 
laboratory;  and  there  isn't  complete  agreement  on  definitions  and 
classification  of  breaks  and  gaps  and  the  various  abnormalities.  How- 
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ever,  the  primary  disadvantage  is  that  there  is  no  proof  that  seeing 
cytogenetic  abnormalities  is  an  absolute  indication  of  imitation.  One 
can  visualize  n spectrum  of  damage  from  such  severe  damage  that 
the  cells  die  without  ever  getting  into  mitosis,  to  other  cells  that  are 
made  incapable  of  cell  division  but  survive  in  a |>ost*mitotic  state, 
with  or  without  a change  in  functional  proteins;  and  finally,  gene 
mutations,  in  which  cells  can  still  goon  to  divide  but  have  alteration* 
in  the  functional  proteins  produced. 

Evidence  for  the  first  two  types  of  change  seems  well  established, 
and  this  is  of  coorse  im|>ortant  in  our  consideration  of  damage  to 
genetic  material,  and  is  a very  important  consideration  in  temfogenesis 
and  perhaps  in  aging.  The  mutations  are  loss  easily  confirmed,  how- 
ever. If  chromosome  breakage  is  important  in  mutation,  it  would  ex- 
press the  view  that  the  breaks  are  an  indicator  system,  since  most  of 
'he  cells  with  visible  unstable  chromosome  abnormalities  would  prob- 
ably go  on  to  cell  death.  Work  correlating  mutation  and  chromosome 
breakage  after  chemical  treatments  is  in  an  early  stage  when  compared 
to  the  data  available  for  X-rays,  However,  lvihlman  has  pointed  out 
that  there  is  good  correlation  between  guidances  that  are  capable 
of  producing  mutations  in  various  systems  and  those  that  can  produce 
chromosome  abnormalities  (5).  Th<?re  is  almost  100  percent  correla- 
tion between  chromosome  aberiations  produced  in  mammalian  cells 
in  tissue  culture  and  mutagenic  effects  whenever  there  was  data  avail- 
able on  both  effects  {see  table  5)  (tf).  The  correlation  between  muta- 
genesis and  chromosome  aberrations  in  plant  root  tips  was  good,  but 
not  as  good  as  for  mammalian  cells  in  tissue  culture. 

The  absolute  answer  to  this  question  of  chromosome  breaks  serving 
as  an  indicator  for  gene  mutation  will  probably  come  from  the  studies 
that  are  presently  starting  in  somatic  cell  gen* tics  when  these  are 
correlated  with,  and  studied  in  conjunction  with,  cytogenetics.  The 
type  of  work  referred  to  here  is  the  ability  of  an  agent  to  induce  drug 
resistance  in  somatic  cells  which  reflects  the  loss  of  functional  enzyme, 
as  for  example  resistance  to  RtTdR,  because  it  is  no  longer  incorporated 
into  the  cell  due  to  the  loss  or  modification  of  the  thymidine  kinase 
enzyme.  This  approach  is  well  exemplified  in  recent  studies  in  which 
Chinese  hamster  cells  were  treated  with  HITdR  and  nutritionally 
deficient  mutants  were  selected  by  growing  cells  in  lestrictive  media 
in  which  the  nutritionally  deficient  mutants  cannot  divide,  and  then 
adding  an  agent  that  will  kill  dividing  cells  (£),  Similarly,  selective 
culture  techniques  have  l*en  used  to  isolate  L glutamine  auxotrophs 
or  8-aza  guanine  resistant  Chinese  hamster  cells  ami  to  compare  the 
incidence  of  these  mutants  in  cultures  treated  with  chemical  mutagens 
and  control  cultures  (/).  Human  male  cel  Is  and  genes  on  the  X*  chromo- 
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some  hate  been  similarly  studied  (#).  I/oss  or  deficiency  of  the  enzyme 
hypoxnnthine-guanine  phosphoribosyl  transferase  (HG-PRT) 
imparts  resistance  to  purine  analogues.  Since  the  gene  for  this  enzyme 
is  located  on  the  X-chromosome,  the  use  of  male  cells  permits  detection 
of  changes  in  the  single  gene.  Also,  somatic  cell  genetic  systems  utiliz- 
ing isoenzymes  via  their  electrophoretic  patterns,  offer  an  excellent 
definitive  tool.  Changes  in  these  isoenzyme  patterns  can  be  proof  of 
mutation  in  the  cultured  cells.  Resides  confirming  the  relation  of  chro- 
mosome breakage  to  mutation, these  somatic  cell  genetic  systems  should 
provide  an  excellent  methodology  for  mutagenicity  testing  in  their 
own  right,  as  they  are  further  developed. 

Tlie  importance  of  demonstiating  whether  or  not  breakage  is  an 
indicator  for  mutations  lies  in  the  areas  of  carcinogenesis,  germline 
mutation  with  increasing  genetic  load  of  the  population,  and  perhaps 
in  some  aspects  of  aging. 

Concerning  methodology  itself,  preparations  can  be  made  very  rap- 
idly from  tissue  cultures  for  in  vitro  preparations  that  have  the  advan- 
tage of  short  time  of  experiments;  such  preparations  additionally  are 
usually  morphologically  better  than  in  vivo  preparations.  Readily 
available  cultures  from  Potorout , designated  PTK-1,  are  exceedingly 
well  suited  for  cytogenetic  studies  in  that  chromosomes  are  large, 
distinct,  and  there  arc  only  II  in  number.  The  Chinese  hamster,  with 
22  chromosomes,  has  many  of  the  same  advantages,  and  of  course  there 
are  both  human  leukocyte  cultures  and  diploid  human  fibroblast  cul- 
tures that  have  the  advantage  of  being  from  the  human  species.  The 
leukocyte  cultures  have  the  additional  advantage  that  cell  cycle  is  not 
initiated  until  phytohcmagglutinin  is  added,  so  that  timing  for  adding 
various  agents  for  various  imrtions  of  the  cell  cycle  can  be  done  with 
greater  precision  than  in  many  culture  systems. 

The  in  vivo  assays  offer  many  of  the  same  advantages  of  the  host- 
mediated  assay  utilizing  bacteria.  That  is,  breakdown  products  and 
other  metabolic  products  of  the  test  agent  have  a chance  to  produce 
effects  as  well  as  the  agent  itself,  llonc  marrow,  spleen,  and  testes  arc 
especially  suitable  for  in  vivo  preparations,  as  well  as  embryo  homo- 
genates and  t issues. 

From  all  of  these  materials,  both  metaphase  and  anaphase  prepara- 
tions can  be  made.  Metaphase  has  the  advantage  of  excellent  morpho- 
logic detail  of  each  chromosome  so  that  localization  to  specific  chro- 
mosomal areas  can  lie  accomplished.  Anaphaie  has  the  advantage  that 
the  pretreatment  is  much  reduced,  and  the  rapidity  with  which  ana- 
phase preparations  can  be  read  is  much  greater,  and  the  experience 
necessary  to  become  competent  in  anaphase  evaluation  is  considerably 
less  than  for  a similar  degree  of  competence  with  metaphase. 
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Classification  of  chromosomal  defects  is  not  standardized  at  the 
present  time.  Various  factors  arc  used  in  different  classification 
methods,  and  a brief  appendix  of  some  of  the  types  of  classifications 

is  included.  . . 

Some  difficulties  that  have  arisen  in  the  past,  as  a differentiation 
between  gaps  and  open  breaks,  or  the  degree  of  significance  of  open 
breaks  vs.  rearrangements,  would  seem  on  the  basis  of  present  infor- 
mation not  to  be  as  big  a problem  as  was  once  imagined.  Gaps  and 
breaks  both  seem  to  increase  in  parallel  in  most  of  the  systems  studied 
up  to  now,  so  any  method  of  differentiation  between  the  two,  as  long 
as  it  is  standardized,  is  adequate  to  compare  control  with  experi mental 
material,  even  though  it  is  arbitrary.  Similarly,  tbe  difference  between 
open  breaks  and  chromosome  rearrangements  would  appear  to  be 
whether  or  not  cellular  DNA  and/or  protein  synthesis  is  inhibited, 
or  can  continue.  In  the  absence  of  DNA  and/or  protein  synthesis, 
healing  is  inhibited,  and  it  is  the  healing  that  permits  rearrangement. 
Many  of  the  materials  that  have  been  shown  to  produce  only  open 
breaks  in  acute  studies,  are  seen  to  progress  to  chromosomal  rearrange- 
ments when  chronic  studies  are  carried  out  allowing  a recovery  period. 
Tliis  difference  stresses  a need  to  cArry  out  a portion  of  the  studies  in 
a cytogenetic  test  system  after  the  test  substance  lias  been  removed  and 
a recovery  period  allowed. 

In  summary,  cytogenetic  studies  would  certainly  seem  to  be  one  of 
the  best  screening  methods  for  testing  of  mutagenicity,  but  should  be 
used  in  conjunction  with  other  additional  methods.  Cytogenetic  testing 
reveals  a variety  of  damage  to  the  genetic  material  in  addition  to 
mutation,  as  well  as  a high  correlation  with  mutagenic  events  when 
both  parameters  are  tested.  It  offers  in  vivo  and  in  vitro  methods  for 
a wide  variety  of  species  including  the  human.  When  cytogenetic 
studies  are  a method  employed  for  screening,  standardization  of  pro- 
cedures, high  quality  of  preparation,  and  reading  of  coded  slides  arc 
essential  for  best  results. 

Clarification  of  chromosome  breakage. — Infortunatcly,  there  is  no 
single  classification  of  breakage,  since  different  characteristics  of 
breaks  have  l*en  used  by  various  authors  to  classify  then).  This  leads 
to  some  confusion  and  redundancy,  but  in  general,  the  various  classify 
cations  are  consistent,  one  with  flic  other.  The  characteristic  that  has 
been  U5*d  to  classify  has  frequently  depended  on  tin  ty|*  of  study 
under  way  and  the  information  sought. 

One  of  the  main  characteristics  used  to  classify  chromosome  breaks 
has  been  whether  one  or  both  of  tlie  two  chromatids  of  thechromoson)e 
arw  involved  in  tl>o  defect.  If  both  chromatids  arc  involved,  the  defect 
is  called  a chromosome  break,  while  if  one  chromatid  is  involved  it  is 
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Table  5. — Comparison  between  chromosome-breaking  and  mutagenic 
ejfects  oj chemicals  in  plant  and  animal  materials. 
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From  Ac* Ions  of  Chemical#  on  Dividing  OIU,  ft.  A.  Kihlman,  Prentice  Unit, 
1966,  pp.  19JV 

Comparison  between  Ihc  Effects  of  Chemicals  on  Animal  and  Plant  Cells. 


termed  a chromatid  break.  The  factor  that  determines  which  ty|>o  of 
lesion  is  produced  is  whether  nr  not  the  chromosome  is  a single  unit  or 
a double  unit  at  the  time  of  the  insult  that  produces  the  break,  This 
in  turn  is  dependetd  u|>on  the  stage  of  the  cell  cycle,  Jf  a chromosome 
is  in  the  01  phase  of  the  cycle  before  1)NA  synthesis  lias  taken  place, 
it  is  a single  structure,  and  if  a break  is  produced  at  this  time,  the 
break  is  replicated  along  with  the  second  chromatid  during  the  S or 
I)*VA  synthesis  i*riod  resulting  in  a chromosome  break.  If  the  break- 
ing insult  occurs  during  (12  or  thereafter,  after  DXA  synthesis,  when 
the  chromosome  is  already  a dual  structure,  then  a chromatid  break 
is  tlie  usual  result.  I hiring  the  |*riod  of  1)XA  synthesis,  a combination 
of  iMh  types  of  breakage  can  l>e  found  in  tbe  same  it'll,  depending  on 
wlrclher  tl»e  individual  chromosome  had  not  yet  started, or  had  finished 
syntliesining  its  1>X  A.  It  docs  occasionally  happen  that  an  event  affects 
liotli  rhmnat  ids  after  tliev  are  a double  structure,  and  in  this  ca<r  I Ik* 
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term  “isochromatid  break1’  is  used,  indicating  that  the  lesion  was  one 
introduced  in  chromatids,  but  that  both  chromatids  were  affected  at 
the  same  point.  Thta  is  distinguished  from  chromosome  breaks  only 
by  the  fact  that  other  lesions  in  the  same  material  are  predominantly 
chromatid  breaks. 

An  additional  type  of  breakage  using  these  criteria  lias  been  de- 
scribed by  Ostergren  and  Wakonig  and  termed  a “delayed  isolocus 
break”.  These  authors  described  a typical  example  of  this  kind  of 
breakage  as  a secondary  constriction  in  one  chromatid  with  a corre- 
sponding break  in  the  isolocus  position  in  the  other.  In  addition  to 
this  typical  lesion,  other  chromosomes  would  exhibit  everything  from 
only  a secondary  constriction  in  one  chromatid  to  a complete  break  in 
both  chromatids.  At  the  time  of  the  description  of  this  type  of  breakage, 
the  authors  felt  that  a partial  defect  was  produced  in  the  chromosome 
when  it  was  a single  unit,  and  then  this  partial  defect  was  reproduced 
in  both  chromatids  at  the  isolocus  point  during  DNA  synthesis.  Mitotic 
forces  and  pressures  subsequent  to  this  were  thought  to  produce  the 
variety  of  possible  changes  at  the  isolocus  spots  in  the  chromatids. 

An  alternative  explanation  would  be  that  this  type  of  breakage 
occurred  during  the  period  of  DNA  synthesis  and  affected  different 
chromosomes  differently,  depending  on  the  state  of  synthesis  of  that 
particular  chromosome. 

A second  important  characteristic  that  has  been  used  in  classification 
of  chromosome  breaks  is  dependent  on  whether  or  not  healing  or  ie- 
union  has  occurred.  If  there  is  no  healing,  an  open  break  or  defect  is 
the  result,  and  this  has  also  been  termed  a “simple  break”  and  a “termi- 
nal deletion”.  In  this  type  of  breakage,  a significant  problem  arises  in 
distinguishing  between  a break  which  is  defined  as  a “coni?' Vo  discon- 


tinuity” between  the  two  chromosome  pieces,  and  a “gn  h is 

defined  as  an  achromatic  or  unstained  area  in  which  ch  fill 

exists  but  is  difficult  to  see.  Various  methods  have  been  r ke 

this  distinction.  Some  authors  insist  on  displacement  o hil 

fragment  before  considering  it  a break,  while  others,  hav.  d 

an  arbitrary  distance  between  the  two  stained  chromosome  e 

distinguishing  factor.  We  recommend  that  any  defect  se?  at 

least  the  width  of  one  chromatid  be  regarded  as  a break,  i 
less  than  this  as  a gap.  This  is  admittedly  arbitrary,  and  y 

frequently  incorrect,  but  serves  as  a basis  of  comparison 
perimental  material  and  control  material.  It  is  fortunati  t 

systems,  gaps  and  breaks  seem  to  increase  and  decrease  u o 

that  the  methods  such  as  described  although  arbitrary  an  i e 

in  the  literal  sense,  enable  valid  comparisons  between  t 

materials. 


592 


When  healing  or  reunion  occurs,  it  is  possible  for  restitution  to  occur 
if  the  broken  ends  reunite  in  their  original  positions.  In  this  case  no 
defect  is  visible.  If  they  do  not  heal  in  their  original  i>ositions,  then  a 
structural  rearrangement  is  the  result.  These  are  often  further  divided 
into  nn  intra-change  if  the  rearrangement  is  within  a single  chromo- 
some, or  nn  inter-change  if  the  rearrangement  involves  more  than  one 
chromosome.  Doth  of  these  can  he  further  divided  into  symmetrical 
nnd  asymmetrical  defects.  A symmetrical  defect  is  one  in  which  no 
mechanical  difficulty  results  during  mitosis,  amt  either  daughter  cell 
is  deficient  in  chromatin  material.  An  asymmetrical  intra-  or  inter- 
change is  one  in  which  either  mechanical  defects  arise  or  the  resulting 
daughter  cells  are  deficient  in  chromatin  material  (4). 

Another  term  that  is  frequently  used  in  a very  similar  context  with 
symmetrical  and  asymmetrical  is  stable  and  unstable  rearrangement. 
The  primary  factors  that  determine  whether  the  open  or  simple  type 
of  breakage  will  result,  or  the  rearrangement  will  i*esnlt,  seems  to  l>c 
whether  the  cell  retains  the  ability  to  synthesize  protein  and/or  DNA, 
If  either  or  lx>th  of  these  processes  are  interrupted,  there  is  evidence 
that  reunion  cannot  take  place  and  open  breaks  result. 

In  addition  to  these  classifications  used  when  the  cells  under  study 
are  examined  in  metaphase,  which  affords  greater  morphologic  detail 
of  individual  chromosomes  due  to  various  pretreatments  including 
colchicine,  hypotonic  expansion,  and  air  drying  or  squashing,  it  is 
also  possible  to  score  defects  in  anaphase  preparation.  Here,  none  of 
the  previously  mentioned  presentments  arc  used  and  the  cells  are 
merely  fixed  and  stained.  The  types  of  anaphase  aberration  that  can 
he  distinguished  include  an  acentric  fragment,  which  is  a paired  seg- 
ment of  chromatids  left  at  the  equator  of  the  cell  resulting  from  a 
chromosome  break;  an  attached  fragment  in  which  a chromatid  frag- 
ment is  away  from  the  main  body  of  anaphase  chromosomes,  hut  is 
oriented  iu  line  with  the  chromosomes  and  seems  to  be  attached  by 
an  attenuated  portion;  a chromosome  bridge  which  results  from  an 
asymmetrical  rearrangement  as  a dicentric  chromosome  or  an  inter- 
locking ring  chromosome;  finally,  pseudochiasnmta,  which  are  thought 
to  result  from  two  chromosomes  adhering  to  each  other  via  stickiness 
or  some  other  mechanism,  and  may  very  likely  not  represent  true 
defects. 
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The  host-mediated  away} — A great  deni  of  recent  work  in  genetics 
has  served  to  point  out  the  universal  nature  of  the  genetic  code.  Al- 
though the  level  of  organization  of  genetic  material  in  bacteria  is 
different  from  that  in  man,  there  is  no  basis  for  assuming  that  the 
action  of  a mutagen  will  be  markedly  different.  It  is  essential,  however, 
to  properly  define  the  ultimate  mutagenic  agent  occurring  in  the  mam- 
malian host.  There  are  numerous  examples  of  compounds  that  are  not 
mutagenic  in  micro-organisms,  but  are  converted  to  active  mutagens 
in  animals,  and  there  are  many  compounds  that  are  active  in  micro- 
organisms but  detoxified  in  mammalian  systems.  Tho  host-mediated 
assay  was  developed  to  determine  the  ability  of  laboratory  animals  to 
either  activate  or  detoxify  compounds  in  regard  to  their  mutagenic 
activity. 

In  this  assay,  the  mammal,  during  treatment  with  a potential  chemi- 
cal mutagen,  is  injected  with  ail  indicator  micro-organism  in  which 
mutation  frequencies  can  be  measured.  It  is  important  to  note  that 
mutagen  and  organism  are  administered  by  different  routes.  After  a 
sufficient  time  period,  the  micro-organisms  are  withdrawn  from  the 
animal  and  tho  induction  of  mutants  is  determined.  The  comparison 
between  the  mutagenic  action  of  the  compound  on  the  micro-organism 
directly  and  in  the  host-mediated  assay  indicates  whether  the  host  can 
modify  the  compound  and  whether  mutagenic  products  can  be  formed 
ns  a result  of  host  metabolism.  Tho  formation  of  mutagenic  metabolic 
products  from  dimethylnitrosnmine,  and  the  plant  toxin,  cycasin, 
have  been  reported  using  this  procedure. 

Indicator  micro-organisms  presently  being  used  in  this  procedure 
includo  tho  histidine  nuxotroph  of  Salmonella  typhimurium,  and 
Neurospora  cranna.  where  scoring  for  forward  mutations  is  carried 
out.  In  tho  Salmonella  system,  a number  of  known  nuxotrophs  are 
injected  intraperitoneally  in  an  animal  previously  treated  with  the 
chemical.  After  six  generations,  approximately  3 horn's,  the  organisms 
lire  recovered  from  the  intraperitonenl  cavity  and  the  induction  of 
mutation  determined.  Tho  effect  in  the  animal  is  compared  with  the 
effect  of  the  chemical  in  an  in  vitro  plate  assay.  In  the  Neuron  j>ora 
system,  conidia  from  the  Neuron  j>om  dikaryon  described  earlier  can 
l>o  injected  into  the  peritoneal  cavity  or  subcutaneously  in  mice  or  rats. 
In  rats,  the  conidia  can  also  be  injected  into  the  testis.  After  48  hours, 
50-70  j>ercent  of  tho  conidia  can  be  recovered  with  approximately 
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50-60  percent  viability.  Since  the  conidia  can  be  kept  in  the  animal  for 
an  extended  period  of  time,  it  is  possible  to  do  meaningful  feeding 
experiments  in  which  one  can  test  for  presence  of  mutagenic  com- 
pounds in  the  diet.  After  the  conidia  am  recovered,  they  me  tested  for 
presence  of  spontaneous  and  induced  ad-3  mutations.  A more  ideal 
indicator  utilizing  a forward  mutation  system  in  bacteria  is  presently 
being  developed.  It  is  probable  that  the  newly  developed  methodology 
for  scoring  forward  and  reverse  mutations  in  cultured  cells  might  also 
be  adopted  in  this  procedure. 

In  addition  to  flexibility  in  selection  of  indicator  organism,  almost 
any  laboratory  animal  can  be  used.  Laboratory  animals  including  rats, 
mice,  and  hamsters  have  been  successfully  utilized.  Not  only  can  \vc 
compare  mutagenic  activity  between  micro-organisms  and  mammals, 
but  also  between  different  animal  species.  It  should  also  be  possible 
to  demonstrate  any  correlation  between  mutagenicity  and  carcino- 
genicity in  the  same  or  di  fferent  animals. 

The  host-mediated  assay  is  an  ongoing  procedure  that  bridges  the 
gap  between  simple  mierobial  tests  and  the  effects  of  a potential  muta- 
gen in  mammals.  Similarity  between  mutagenic  activity  in  micro- 
organisms and  animals,  the  ability  of  the  mammal  to  detoxify  muta- 
genic or  nonmiitagenic  agents,  and  the  production  of  mutagenic 
metabolites  can  be  determined.  Not  only  can  comparisons  be  made 
between  micro-organisms  and  mammals,  but  also  between  different 
animal  species.  It  is  quite  possible  to  compare  mutagenicity  and  car- 
cinogenicity in  the  same  system  with  this  procedure.  However,  the 
host-mediated  assay  in  no  way  indicates  the  effect  of  DNA  repair 
mechanisms  of  the  host  in  response  to  specific  chemicals,  and  is  only  an 
indirect  measure  of  mutagenicity  in  terms  of  the  mammalian  host. 
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Specific  loem  te#L  (/,  2) — The  specific  locus  test  is  based  on  detec- 
tion of  newly  induced  mutation  in  seven  coat-color  and  morphologic 
loci  in  mice.  The  newly  induced  mutations  can  either  be  chromosome 
deletions  or  point  mutations.  In  this  test,  male  mice  that  are  homo- 
zygous for  the  dominant  trait  are  given  the  suspected  mutagen  and 
mated  with  female  mice  that  arc  homozygous  for  the  recessive  traits. 
In  this  way,  the  occurrence  of  offspring  with  recessive  characteristics 
is  indicative  of  mutation  or  loss  in  the  gene. 

The  following  potent  mutagenic  compounds:  methyl  mctlinncsul- 
fonatc,  ethylniethanesnlfonate,  propylnietluuiesnlfoimte,  and  isopropyl 
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metlmnesul  foliate,  were  tested  in  both  the  dominan  lethal  and  in  specific 
locus  tests.  All  four  mutagens  were  highly  positive  «n  the  dominant 
lethal  test,  but  only  slightly  positive  or  negative  in  the  specific  locus 
test.  However,  the  results  are  difficult  to  compare  because  sperm  which 
Were  used  in  the  two  tests  derived  from  cells  which  were  treated  at 
very  different  stages  of  their  development. 

The  number  of  animals  which  has  to  be  used  to  detect  a doubling 
of  mutation  frequency  is  so  great  that  the  expense  of  this  test  makes 
it  quite  impractical  to  use  as  a general  screening  technique.  More  seri- 
ously, however,  is  the  failure  to  detect  a significant  increase  in  muta- 
tions with  the  above  four  strong  mutagens,  either  because  of  lack  in 
statistical  power  or  because  of  intrinsic  defects  in  the  test  system, 
strongly  militates  against  the  practical  utility  of  the  specific  locus  test. 
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Dominant  lethal  test. — Dominant  lethal  mutants  are  convenient  in- 
dicators of  major  genetic  damage  which  have  been  used  in  mammals 
for  measuring  effects  of  X-rays  (7),  and  more  recently,  of  chemical 
mutagens  (2,  3 , 7,  8, 13 , 15, 22).  Data  on  induction  of  dominant  lethal 
mutants  in  mammals  may  be  appropriately  extrapolated  to  man,  espe- 
cially as  most  recognizable  human  mutations  are  due  to  dominant 
autosomal  traits  (21).  The  genetic  basis  for  dominant  lethality  is 
the  induction  of  chromosomal  damage  and  rearrangements,  such 
translocations,  resulting  in  nonviable  zygotes;  evidence  for  zygote 
lethality  induced  in  mammals  by  X-rays  and  by  chemical  mutagens 
has  been  obtained  embryologically  (16,  25 , 20),  and  cytogenetically 
(4,  15, 17,  23),  respectively.  Additional  evidence  for  the  genetic  basis 
of  dominant  lethality  is  derived  from  the  associated  induction  of 
sterility  and  heritable  semisterility  in  F,  progeny  of  males  exposed  to 
X-irradiation  (19,  25)  and  to  chemical  mutagens  (6, 12, 11) ; translo- 
cations have  been  cytologically  demonstrated  in  such  semisterile  lines 
in  mice  (7,  IS,  24) , and  in  hamsters  (20). 

The  induction  of  dominant  lethal  mutations  in  animals  can  be  as- 
sayed, with  n high  degree  of  sensitivity  mid  practicality,  following 
acute,  subacute  or  chronic  administration  of  test  materials,  either  orally 
cr  by  any  parenteral  route,  including  the  respiratory.  For  these  rea- 
sons it  is  feasible  to  integrate  such  tests  in  the  scope  of  routine  toxi- 
cological practice  (9).  Following  drug  administration  to  male  rodents, 
they  are  mated  sequentially  with  groups  of  untreated  females  over 
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tho  duration  of  the  spernintogenic  cycle.  For  mice,  the  entire  duration 
of  spermatogenesis  is  approximately  42  days  comprising  the  following 
stages:  spermatogonia!  mitoses — 6 days,  spermatocytes — 14  days, 
spermatids — 9 days,  testicular  sperm — 5.5  days,  and  cpididyinal 
sperm — 7.5  days*  (/).  Thus,  matings  within  8 weeks  after  single  drug 
administration  represent  samplings  of  sperm  exposed  during  post- 
meiotic  stages,  and  matings  from  4-8  weeks  later  represent  samplings 
of  sperm  exposed  during  premeiotic  and  stem  celts  stages. 

The  classical  form  of  the  dominant  lethal  assay  involves  autopsy 
of  females  aproximatcly  18  days  following  timed  matings,  as  deter- 
mined by  vaginal  plugs  in  mice  and  vaginal  cytology  in  rats,  and 
enumeration  of  corpora  Intea  and  total  implants,  ns  comprised  by 
living  fetuses,  late  fetal  deaths,  and  early  fetal  deaths.  The  test  can  l>c 
considerably  modified  and  simplified  and  hence  made  more  suitable 
for  routine  practice  by  sacrificing  the  females  at  a fixed  time,  e.g.,  18 
days  in  mice,  following  the  midweek  of  their  caging  and  presumptive 
mating.  Additionally,  this  allows  determination  of  effects  of  drugs  on 
pregnancy  rates.  Similarly,  corpora  Intea  counts,  which  are  notoriously 
difficult,  laborious,  and  inaccurate  in  mice  and  afford  a measure  of 
total  fertilized  zygotes,  can  l>e  omitted  and  minil>ers  of  total  implants 
in  test  animals  can  be  related  to  those  in  controls,  thus  affording  a 
simple  measure  of  prcimplantation  losses.  Using  such  modified  pio- 
cedures  together  with  computerized  data  handling,  large  n umbel's  of 
(est  agents  can  be  simply  and  rapidly  tested  for  mutagenic  activity. 
The  assay  can  also  be  conducted  with  drug  administration  to  female 
mice,  either  before  or  in  early  pregnancy;  however,  tliir  test  has  not 
yet  been  developed  for  routine  purposes. 

Dominant  lethal  mutations  are  directly  measured  by  enumeration 
of  early  fetal  deaths,  and  indirectly  by  prcimplantation  losses,  as  meas- 
ured by  reduction  in  the  number  of  total  implants  in  test  compared 
with  control  females.  Results  are  l>cst  expressed  sis  early  fetal  deaths 
per  pregnant  female,  rather  than  as  the  more  conventional  mutagenic 
index,  early  fetal  deaths  x 100  per  total  implants,  as  the  latter  index  can 
be  markedly  altered  by  variation  in  the  number  of  total  implants  {11). 
Preimplantation  losses  offer  a presumptive  index  of  mutagenic  effects, 
lmt  there  is  no  precise  parallelism  between  prcimplantation  losses  and 
early  fetal  deaths.  These  should  be  regarded  as  concomitant  and  not 
alternate  parameters.  Furthermore,  the  use  of  the  mutagenic  index  pre- 
supposes that  the  number  of  early  deaths  is  profit  ional  to  the  number 
of  implants  regardless  of  preimplantation  losses;  this  would  anticipate 
(hat  absolute  number  of  early  deaths  are  lower  in  those  animals  with 
reduced  numbers  of  total  implants.  This  lias  been  shown  experimentally 
not  to  be  so  (//).  Finally,  aw  additional  disadvantage  of  snob  ratios 
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as  measures  of  mutagenic  effect  is  that  their  variability  is  high,  as  both 
numerator  and  denominator  are  contributory,  and  estimates  of  stand- 
ard deviat  ion,  hence,  are  complex. 

P reimplantation  losses,  early  fetal  deaths,  sterility  and  scmisterility 
constitute  a spectrum  of  adverse  genetic  effects,  of  which  early  fetal 
deaths  clearly  afford  the  most  convenient  and  quantitatively  unequivo- 
cal parameter  of  mutagenicity. 

Using  these  techniques,  a wide  range  of  chemicals  to  which  man  is 
exposed  in  the  totality  of  the  environment,  including  pesticides,  food 
additives,  drugs,  air  and  water  pollutants,  have  been  tested  for  muta- 
genicity in  mice  (10y  13).  Additionally,  detailed  dose-response  studies 
with  the  aziridine  alkylating  agents,  TEPA  and  METEPA,  which 
have  been  used  as  chemosterilant  pesticides,  have  revealed  mutagenic 
thresholds  in  the  region  of  0,04  mg, /kg.  and  1.4  mg./kg.,  respectively, 
following  acuto  single  parenteral  administration  in  mice. 

These  techniques  are  also  ideally  suited  for  the  study  of  synergistic 
or  antagonistic  effects  on  mutagenesis;  caffeine,  for  example,  has  been 
shown  not  to  induce  dominant  lethal  mutations  nor  to  synergize  the 
mutagenic  effects  of  X-rays  or  of  alkylating  agents  (10). 
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Population  montforlng,  Whatever  the  system  of  testing  potential 
pesticides  before  they  are  used  limy  It,  it  can  never  be  perfect,  There 
is  always  the  possibility  that  some  substance  will  not  be  revealed  as 
mutagenic  by  any  of  the  test  systems  employed  and  yet  represent  a 
mutation  risk  to  man.  An  example  might  be  a substance  that  is  not 
itself  mutagenic,  hut  which  is  specifically  converted  by  the  human 
body  into  a substance  that  is  strongly  mutagenic.  If  such  a compound 
was  widely  used,  we  could  be  doing  great  harm  to  our  descendants 
and  never  discover  this  fact  until  the  damage  had  already  occurred. 
And  genetic  damage,  as  we  have  emphasized,  is  irreversible  ns  far  ns 
is  now  known. 

Is  there  any  possibility  of  setting  up  a system  to  detect  such  a genetic 
emergency  if  it  should  occur l The  task  would  be  enormously  difficult, 
for  many  reasons  already  mentioned.  For  one  thing,  the  damage  caused 
by  mutations  occin*s  in  future  general  genera tions,  not  this  one,  so  the 
effect  would  not  Ik»  observed  for  some  time.  In  the  second  place,  the 
effect  might  be  spread  out  over  many  generations  so  that  an  enormous 
total  effect  would  still  be  small  enough  in  the  first  generation  not  to  he 
noticed.  Finally,  the  kinds  of  effects  produced  by  mutations  are  not 
unique,  so  if  there  were,  for  example,  an  increased  disease  or  death 


599 


rate  it  would  be  very  difficult  to  be  sure  that  this  were  due  to  mutation 
and  not  some  other  cause. 

We  have  to  accept  for  the  present  the  fact  that  any  feasible  system 
of  monitoring  the  human  population  could  detect  only  a very  gross 
effect.  But,  of  course,  that  is  what  is  the  most  to  be  feared.  So  there 
may  be  merit  in  setting  up  a system  that  would  detect  at  the  earliest 
possible  date  a really  large  increase  in  the  mutation  rate — say  an  in- 
crease of  several  fold— if  this  is  occurring.  Could  such  a system  be 
made  workable,  and  not  prohibitively  expensive!  We  don’t  have  the 
answers  now,  but  we  would  like  to  suggest  a few  possibilities  which 
might  merit  further  consideration.  The  problem  is  larger  than 
just  pesticides,  and  would  have  to  be  considered  in  a wider  con- 
text of  detecting  any  unsuspected  environmental  mutagen  of  high 
potency. 

A direct  search  for  an  increased  rate  of  occurrence  of  malformations 
and  diseases  of  genetic  origin  would  necessarily  involve  a delay  of  at 
least  9 months,  for  any  mutation  that  occurs  in  the  parent  will  be  seen 
only  after  the  child  is  born.  In  the  future,  intrauterine  tests  may  be- 
come feasible;  at  present  the  techniques  are  not  adapted  to  the  wide- 
scale  application  that  would  be  necessary  is  a general  rise  in  mutation 
rate  were  to  be  detected.  It  might  be  possible  to  select  certain  traits  that 
would  be  the  most  efficient  indicators  of  an  increased  mutation  rate. 
Such  indicator  traits  would  have  to  be: 

a.  Dominant,  so  the  trait  shows  up  in  the  next  generation  after  the 
mutation  occurs; 

b.  Present  at  the  time  of  birth,  or  shortly  after,  so  that  there  is  no 
long  delay  in  the  discovery ; 

c.  Conspicuous,  so  that  they  would  be  unambiguously  and  easily  de- 
tected by  those  attending  the  birth; 

d.  Of  a unique  appearance  not  mimicked  by  other  traits  not  of  mu- 
tational origin; 

e.  Of  such  a nature  that  it  is  easy  to  distinguish  new  mutants  from 
those  cases  where  the  parent  had  the  trait  and  transmitted  it  to  the 
child.  This  latter  point  could  be  ensured  by  having  the  trait  of  such 
a nature  as  to  lead  to  sterility  so  that  every  case  is  a new  mutation. 

The  number  of  traits  that  meet  these  exacting  criteria  arc  very 
limited ; we  know  of  none  that  does  absolutely.  But  there  are  probably 
several  that  come  somewhere  near.  We  are  not  qualified  to  suggest  a 
specific  set,  but  we  think  the  possibility  ought  to  be  investigated 
further.  As  an  alternative  to  choosing  traits  that  arc  so  conspicuous 
and  characteristic  that  they  would  always  be  recognized,  one  might 
have  those  attending  the  birth  simply  report  all  instances  where  the 
child  is  abnormal  and  then  have  a staff  of  specialists  in  congenital 
anomalies  visit  each  case.  The  proportion  of  births  with  obvious 
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anomalies  is  in  the  vicinity  of  1 or  %2  percent,  so  by  examination  of  a 
tiny  fraction  of  all  children  horn  the  specialist  would  have  an  excellent 
chance  of  selecting  among  these  those  with  defects  likely  to  be 
mutational  in  origin. 

The  success  of  such  n system  would  not  only  depend  on  getting  good 
observations  at  the  source,  but  also  on  a system  of  prompt  reporting 
and  data  analysis  so  that  any  trend  could  be  detected  promptly.  If  an 
increase  is  detected  one  could  hope  to  identify  the  cause  by  such  things 
as  the  geographical  pattern. 

The  monitoring  of  gross  abnormalities  may  be  too  crude  to  produce 
meaningful  results.  It  may  he  advisable  to  use  refined  chemical  pro- 
cedures that  can  detect  changes  in  the  proteins  that  are  the  immediate 
gene  products.  At  present  such  tests  are  very  expensive,  but  with  in* 
creased  automation,  these  may  bo  shortly  feasible.  The  rough  and  ready 
and  the  refined  methods  are  not  mutually  exclusive;  both  have  their 
advantages.  Wo  think  it  is  likely  that  as  our  chemical  environment 
becomes  increasingly  more  complicated  that  more  and  more  elaborate 
systems  of  monitoring  will  be  necessary. 

The  cost  of  genetic  monitoring  such  as  we  have  been  discussing 
w'Mild  be  very  great.  It  could  probably  be  justified  only  if  it  were  a 
part  of  a system  of  monitoring  for  other  environmental  factors.  A 
natural  one  to  couple  with  a mutation-detecting  system  would  be  a 
search  for  new  teratogens  in  the  environment.  Our  memory  of  the 
thalidomide  disaster  is  a reminder  of  the  need  to  have  a system  that 
will  reveal  as  promptly  as  possible  imy  agent  that  is  causing  physical 
abnormalities  and  disease,  whether  this  be  by  increased  mutation  or 
any  other  cause. 

Another  possibility  for  monitoring  is  to  study  the  human  popula- 
tion, as  before,  but  instead  of  looking  at  the  next  generation  look 
at  this  generation  for  changes  that  might  foreshadow  such  changes 
in  the  future.  If  mutations  are  induced  in  the  germ  cells,  they  are  also 
induced,  in  all  probability,  in  other  body  cells.  Therefore,  a sensitive 
system  of  monitoring  mutation  rates  in  the  blood  cells  could  give  a 
much  quicker  indication  of  an  environmental  change.  Such  tests  could 
be  both  chemical  tests  for  altered  gene  functions  and  cytological  ob- 
servations for  chromosome  aberrations. 

Conclusions 

A number  of  procedures  are  presently  available  in  mammals,  the 
majority  of  recent  origin,  that  can  be  used  to  determine  the  mutagenic 
activity  of  chemicals.  Our  ability  to  characterize  mutagenic  agents 
no  longer  depends  exclusively  on  nonmanimalian  systems,  such  as 
Drosophila,  bacteriophage,  micro-organisms,  and  cell  culture,  although 
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these  procedures  should  be  considered  as  ancillary  to  the  available 
mammalian  tests.  The  mammalian  tests  which  should  be  considered 
as  the  basis  for  evaluating  potentially  mutagenic  agents  are  the  host- 
mediated  assay*  cytogenetic  studies,  and  the  dominant-lethal  test. 
These  procedures  are  as  relevant  to  man  as  any  other  animal  procedure 
presently  used  in  the  field  of  toxicology.  They  are  also  practical.  The 
dominant  lethal  test  can  be  concluded  in  less  than  3 months,  whereas 
cytogenetic  studies  and  the  host-mediated  assay  can  be  carried  out  in 
a few  weeks.  The  cost  of  these  tests  is  considerably  less  than  that  of 
many  of  the  procedures  currently  used  in  chronic  toxicity  testing. 
It  is  anticipated  that  a testing  protocol,  relying  on  both  the  outlined 
mammalian  tests,  and  the  ancillary  procedures,  should  detect  the 
majority  of  mutagenic  chemicals. 

Since  the  mammalian  procedures  presently  recommended  are  of 
comparatively  recent  origin,  continued  improvements  in  theso  tech- 
niques can  be  anticipated.  Most  important  is  the  need  for  inexpensive 
and  sensitive  tests  that  can  detect  point  mutations  in  mammals.  Par- 
ticularly promising  in  this  connection  is  the  development  of  systems 
in  mice  that  combine  genetically  marked  chromosomes  with  crossover- 
suppressing  inversions,  which  can  be  used  to  detect  recessive  lethal 
mutations. 

A Recommended  Program  for  Mutagenesis  Testing 

There  are  several  bases  for  choosing  which  pesticides  are  likely  to 
be  mutagenic  and  which  need  most  to  be  tested.  Clearly,  it  is  most 
important  to  test  those  that  are  used  on  a wide  scale  and  to  which  large 
numbers  of  humans  are  exposed.  In  this  context,  pesticides  that  are 
used  in  the  home  are  more  important  than  those  that  are  used  in  areas 
away  from  humans  and  human  crops. 

It  is  possible  to  make  some  predictions  as  to  which  pesticides  are 
most  likely  to  be  mutagenic.  Substances  which  are  known  to  be  tera- 
togenic* or  carcinogenic*  or  which  interfere  with  reproductive  func- 
tions are  often  mutagenic.  Chemical  structure  sometimes  can  be  a 
useful  guide  to  predicting  possible  mutagenicity.  For  example,  many 
alkylating  chemosterilants  could  have  been  predicted  to  bo  mutagenic 
in  advance  of  actual  tests. 

If  priorities  are  needed,  we  would  put  at  the  top  of  the  list  those 
pesticides  that  are  used  in  the  largest  amounts,  with  the  greatest  em- 
phasis on  those  used  domestically  and  on  food  crops.  Particular  atten- 
tion must  be  directed  to  domestic  exposure  by  inhalation  of  pesticide 
aerosols  and  vaporizing  pesticide  strips.  The  possibility  exists  that 
this  may  represent  a major  source  of*  hitherto  unsuspected,  human 
exposure.  It  should  also  be  stressed  that  labile  pesticides,  such  as 
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Captan  with  ft  half  life  of  10  seconds  in  serum,  pose  as  potentially 
serious,  although  perhaps  less  obvious,  mutagenic  hazards  as  do  per- 
sistent pesticides. 

There  are  only  about  400  substances  commonly  incorporated  in 
current  pesticide  formulations  (i).  It  is  feasible  to  test  all  of  these, 
using  mammalian  and  ancillary  procedures  recommended  in  this  re- 
port within  a reasonable  period  of  time,  say,  a year. 

Although  we  cannot  foresee  all  contingencies,  we  recommend  the 
following  us  a general  feasible  protocol : 

a.  Test  all  compounds  now  use  in  the  following: 

1.  Three  mammalian  systems,  the  dominant  lethal,  host -mediated, 
and  in  riro  cytogenetics,  by  appropirnte  routes  of  administration,  re- 
flecting human  exposure,  and  also  parenterally,  and  at  high-dose  levels, 
such  as  maximal  tolerated  doses. 

2.  In  ancillary  microbial  systems,  preferably  those  detecting  both 
single  nucleotide  changes  and  effects  involving  more  than  one  gene. 

The  precision  of  testing,  l>oth  in  mammalian  and  ancillary  systems, 
would  be  such  that  u doubling  of  the  control  level  of  mutation  would 
be  statistically  significant  at  the  & percent  level.  A pesticide  is  regarded 
as  negative  if  none  of  the  tests  is  significantly  different  from  its  con- 
trol. If  one  or  more  of  the  three  mammalian  tests  shows  a significant 
effect,  the  test  is  i*egarded  ns  positive.  If  only  the  microbial  test  is  posi- 
tive, more  detailed  mammalian  tests  are  indicated, 

b.  If  the  compound  is  inactive  in  all  systems,  then  it  is  tentatively 
assumed  to  be  safe.  If  the  compound  is  widely  used  or  if  for  any  reason 
there  is  the  possibility  of  extensive  human  exposure,  it  is  advisable  that 
more  extensive  tests  be  made.  Those  compounds  which  have  the  great- 
est chance  of  having  an  effect  on  man  should  be  additionally  tested,  to 
take  into  account  problems  of  possible  interactions  and  duration  and 
rate  of  exposure. 

c.  If  the  compound  is  mutagenic,  u reasoned  decision  must  be  made 
as  to  whether  the  l>enefit  is  great  enough  to  warrant  further  detailed 
evaluation,  with  appropriate  interim  restrictions  on  use,  or  whether 
its  use  must  be  disallowed  forthwith. 

d.  The  testing  procedures  recommended  above  must  be  constantly 
updated  and  improved  to  reflect  new'  techniques  and  new  data.  We 
therefore  recommend  further  that  a group  of  disinterested,  scientifi- 
cally competent  persons  l>c  assigned  the  problem  of  continuously  re- 
viewing the  whole  question  of  j>csticide  mutagenesis  and  test  systems 
to  be  employed. 

CITED  REFERENCE 
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Baric  Coxsidkrationr 
Structure-activity  relation* 

Most  pesticides  have  not  been  designed  with  the  nim  o'  attacking 
the  hereditary  material  of  cells,  but  their  activity  has  been  discovered 
by  chance  or  they  have  been  designed  as  analogs  of  known  metabolic 
inhibitors  or  activators  (/,  G.  9).  If  their  assumed  metabolic  effect  is 
actually  rest>onsib1e  for  their  pesticide  action,  it  should  be  possible 
to  replace  mutagenic  by  nonmutagenic  compounds.  The  known  or 
presumed  major  mode  of  action  of  pesticides  as  follows: 

1.  Plants  ( herbicides , fungicides). — 

a.  Inhibition  of  photosynthesis  (triazines;  substituted  ureas; 
carbamates;  bipyridylium  quaternary  salts). 

b.  Inhibition  of  oxidative  phosphorylation  (dinit roplienol  ana- 
logs, such  as  toluidines;  carbamates). 

c.  Hormone  (auxin)  analogs  (24'P*  QAA'T;  benzoic  Acid 
analogs;  perhaps  maleic  hydrazide). 

d.  Inhibitor  of  panthothenate  synthesis  (chlorinated  aliphatic 
hydrocarbons). 

e.  Inhibitor  of  porphyrin,  hence  chlorophyll  synthesis  (amitrol), 
which  also  inhibits  purine  synthesis. 

f.  Unknown  mechanisms  (metals, sulfur). 

2.  Animals  {insecticides^  vematocidcs).— Most  of  these  are  neive 
poisons. 

a.  Inhibitors  of  acetylcholinesterase  (organophospbates,  carba- 
mates). 

b.  Inhibitors  of  neuromuscular  junction  (nicotinoids). 

c.  Xeurotoxicants  with  only  partially  known  causes  (chlorinated 
or  brominated  hydrocarbons,  pyrethroids). 

An  exception  to  the  general  rule  are  chemosterilnnts  that  are 
designed  to  produce  dominant  lethal  mutations  in  insects  giving  risr 
to  nonviAble  offspring  (7,5).  In  the  United  .States  of  America,  chenio- 
sterilants  are  not  registered  for  use  as  |*sticides.  However,  the  Knto- 
tnology  Division  of  the  USDA  is  currently  conducting  ex|*rimental 
field  studies,  ii>  some  of  which  the  possibility  of  linman  ex)>osnre  can- 
not 1*  excluded.  More  alarming  is  evidence  of  active  comnwrcinl  in- 
terests in  ebemosterilants  in  Japan  where  extensive  field  tests  are  now 
in  progress  (j).  It  should  be  emphasized  that  chemosterilants  must 
never  be  ?m  ployed  outside  the  laboratory  except  under  rigorously 
supervised  conditions. 

Most  reactions  which  alter  the  hereditary  information  in  a cell  seem 
to  lie  caused  hy  a chemical  or  enzymic  attack  on  1>XA  itself.  The 
major  exception  to  this  rule  is  the  effect  of  colchicine  which  inhibits 
spindle  formation  and  causes  the  production  of  polyploid*.  Agents 
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that  alter  DNA  itself  produce  either  mutagenic  or  inactivating  DNA 
alterations.  Mutagenic.  DNA  alterations  are  minor  alterations  of  the 
DXA  bases  which  do  not  prevent  DNA  duplication  but  which  cause 
a change  in  the  base  sequence  of  DXA.  Such  DXA  alterations  are 
induced  by  base  analogs  (2  aini nopurine,  5*!m>niouro  il)  which  are 
incorj>oraled  into  DXA  or  by  the  chemical  alterations  of  DXA  liases 
such  ns  the  deamination  of  adenine  or  cystosine  by  nitrous  acid,  the 
hydroxyl inninat ion  of  cytosine  by  hydroxylamino,  the  alkylation  of 
guanine  by  alkylating  agents,  or  t lie  intercalation  of  acridine  dyes 
lietwcen  DXA  bases.  Mutagenic  DNA  alterations  give  rise  to  )>oiiit 
mutations. 

In  conh*nst,  inactivating  DXA  alterations  have  more  drastic  effects 
on  DNA,  since  they  inhibit  the  duplication  of  DXA  across  the  alteml 
side.  Such  alterations  arise  when  a DXA  base  is  removed  or  the  DXA 
backlione  is  broken  as  a consequence  of  treatment  liy  alkylating  agents, 
radical-producing  agents,  or  base  analogs  which  inhibit  the  duplica- 
tion of  DXA.  Many  inactivating  DXA  alterations  can  lie  repaired  by 
sjiecial  cellular  enzymes.  Different  organisms  differ  in  the  extent  and 
the  s|)ccificity  of  repair  mechanisms.  DXA  alterations  that  have  not 
lieen  repaired  lead  to  chromosomal  breaks  which  are  usually  lethal 
to  the  cell.  If  more  than  one  chromosome  break  occurs  within  one  cell, 
large  heritable  chromosome  aberrations  can  lie  produced  {deletions, 
translocations,  inversions,  etc.),  Most,  if  not  all,  agents  which  induce 
inactivating  DXA  alterations  nr  chromosome  breaks  in  ivVo  have  also 
Ixen  found  to  induce  mutations,  cancer,  and  teratogenic  effects,  when 
examined  in  the  pru|ier  tost  system  (#.  d, -5). 

Most  com|KMinds  affecting  DXA  produce  l*>tli  mutagenic  and  in- 
activating DXA  alterations  but  the  relative  frequency  of  these  two 
effects  differs  tip  to  one  million  fold  for  different  conqiounds  (2.  d).  A 
mutagenic  test  system  which  is  very  sensitive  for  one  cnn>|>omid, 
transition  tyiie  i>niiit  mutations,  may  therefore  reveal  no  mutations 
with  another  ronqioiind  that  prodmrs  only  other  ty|>cs  of  mutations, 
rjj,,  large  chromosome  alterations.  There  is  also  no  correlation  lief  ween 
toxic  and  mutagenic  effects  Ikviuisc  some  highly  nuilagruir  coni- 
pounds  r fJ  * certain  base  analogs,  are  barely  toxic,  wheiTAssome  highly 
toxic  rom|*>iiiid*'  such  as  cyanide,  are  hardly  mutagenic. 

On  the  basis  of  theoretical  cxtni|«1ation  from  available  data,  |>ef4i- 
rides  may  It  classified  in  three  major  groups  by  chemical  structure : 

A.  <*oiu|Kiunds  known  to  alter  DXA  directly  in  some  biological  sys- 
tem or  roiii|miind«  having  chemical  structures  that  are  known  to  alter 
1 INA  : Alkylating  agents,  nulbl  |iiwlmiiig  agents,  inhibitors  of  DXA 
synthesi  , Irrespective  of  any  further  tests,  on  the?*  ronijioniids  ex- 
treme rare  with  rrsjHvt  to  human  cx|>osuiv  is  recommended. 


B.  Compounds  winch  by  their  structure  may  possibly  affect  DNA 
either  directly  or  after  enzymic  activation  into  reactive  compounds. 
Among  these  are  mercurials,  some  of  which  are  known  mutagens,  and 
carbamates,  so.  f which  may  be  converted  by  plant  and  animal 
systems  into  N jxyenrbamates  that  produce  chromosome  breaks. 
Due  to  problem:  * uptake,  enzymic  activation  or  inactivation,  and 
accumulation,  it  is  not  possible  to  make  any  safe  prediction  of  the  muta- 
genicity of  these  compounds  in  mammals*  But  thorough  testing  is 
necessary. 

O.  Not  suspected  to  produce  genetic  alterations  because  their 
chemical  reactivity  with  DNA  or  their  mutagenicity  have  not  been 
tested  and  their  structure  does  not  suggest  such  activity.  Among  the 
unsuspected  chemical  structures  are  cyclopropane  rings,  as  found  in 
pyrethrins,  triarines,  end  other  aaxin  analogs,  and  those 

chlorinated  hydrocarbons  which  do  not  belong  to  group  A or  B 
{e.g.,  DDT).  Nevertheless,  our  general  ignorance  concerning  meta* 
bolic  conversions  makes  it  desirable  that  all  these  compounds  be  also 
tested  for  mutagenicity.  Some  triazines  e.g.,  Ariridines  also  have 
alkylating  groups  and  for  that  reason  belong  in  group  A. 

Chemical  structures  known  or  suspected  to  affect  DNA  and 
pesticides  haring  these  structures  are  indicated  as  follows: 

A.  Cbm  pounds  having  chemical  structures  that  are  known  to  ajffect 
DNA . Any  compound  having  such  a structure  should  be  proven  to  be 
harmless  be/ore  humans  are  exposed  to  it. 

a.  Alkylating  agents,  induce  both  point  mutations  (transitions) 
and  large  chromosome  alterations. 


1.  Epoxides  (Ethylene  oxide,  En* 
drin,  Dieldrin). 


2.  Ethyleneimines  (Asiridlnee, 
such  as  Apholate,  TEPA, 
thio-TEPA,  METEPA). 


o 

-c~o~l- 


3.  Sulphates  (Aramite). 


4.  Certain  Bromides  and  Chlorides 
(Bromomethane,  Bromopro- 
pane,  Dkhloroe thane,  Ethyl* 
ene  dibiomide,  Propargyl* 
bromide). 


1 


b).  Radical  producing  agent* , induce  large  chromosome  alterations 
but  not  point  mutations. 


Nvn~n/  or  o=c/  \=o 

/ \ \ / 


1.  Hydrazines  or  hydrazides 
(Maleic  hydrazide,  known 
to  break  chromosomes). 


2.  Bipyridylium  quaternary  salt 
(Diquat,  Paraquat).  Known 
to  produce  radicals  and  to 
kill  plants  in  the  presence  of 
oxygen  (presumably  via  per- 
oxide radicals  affecting 
DNA). 

5-FluorouraciI,  fluoroorotic  acid; 
both  DNA  synthesis. 

B.  Compounds  suspected  to  of  eel  DNA  or  to  be  concerted  enzymatically 
into  effective  compound*.  There  pesticide*  must  be  tested  for  their  muta- 
genicity in  higher  o rganism*. 

a).  Uruaturated  ring s \cith  »OH  or  SH  group*.  Some  phenols  and 
cresols  are  known  to  produce  chromosome  breaks  perhaps  due  to 
radical  formation  in  presence  of  oxidizing  groups. 

(Ioxynil,  Niacide,  Orthophenyl* 
phenol,  PCP,  etc.) 


\ / 


w 


c).  Bate  anaiogt 


b)  Carbamate  » and  ThxoearbamaUt 

(Barban;  Bux  Ten;  Carbaryl; 
Carbofuran;  Cartol;  CDAA;  Di- 
metilan;  Metham;  Mobam;  Pro* 
pachlor;  2,3,6  TBA;  Temik; 
Thiram;  Vapam;  Ziram;  and 
many  others). 


>K- 

X=0  M 8 


Elhylcarbamate  and  several  other  carbamates  are  well-known  to 
produce  chromosome  breaks,  cancer,  and  teratogenic  effects.  They 
do  not  affect  DNA  directly  but  their  enaymlc  products,  such  as  _ 
N*hydro\ycarbemat«a  and  other  intermediates  which  in  turn  produce 
radicals,  cause  inactivating  DNA  alterations;  thus,  chromosome 
breaks  and  large  chromosome  alterations,  but  not  point  mutations, 
can  be  induced.  Whether  or  not  a particular  carbamate  is  mutagenic 
depends  therefore  on  the  presence  of  the  N-hydrox/lation  (or  other) 
enaymes  in  the  cells. 
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c.  Urea* 


(Chloroxuron,  DCU,  Diuron, 
Fenuron,  Linnoron,  Korea, 
/ \ etc.)  These  compounds  also 

x=o  or  s alterations  if  lliey  arc  activated 

NMiydroxylntion). 

d.  Compounds  haring  2 or  3 nitrogen*  connected.  If  they  should  be 
known  to  produce  alkylating  agents  (certain  nilroso  compounds)  or 
radicals,  they  should  be  placed  in  Group  A. 


Triazoles  (Ainitrole) 


Bonzolriazines  (Azinpliosetbyl, 
Azinphosmethyl) 


Diazo  compounds  (Dexon,  also 
alkylating?) 


(Elcide,  Emnii,  Ethylmercnry 
chloride,  Panogen,  Orman, 

Semcsaii  Bel,  and  others) 

Some  mercurials  are  known  mutagens,  presumably  owing  to  their 
content  of  Hg, 

f Organophosphate* 

_Nr  n v (Paralhion,  Melhylparalhion, 

f ^f..Y  Malalhion,  Demelon,  Disulfo- 

\ K/  tone,  Dimethoate,  HMPA 

/ Phorale,  Plmsphamidone,  (\v- 

x u s olane,  Dimefax,  Monitor, 

V-  o-.  s . pr  x<  Hnrlene  and  many  others). 

These  4*nlii|Kiimds  nte  phu*j>hate  tricsters  which  are  labile  to  hydroly- 
Although  iioL  tested,  some  of  them  may  react  with  DXA  bv 
transalkylation. 


jQr 


o 


e.  Mercurials 

- n*- 
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g)  Other  reactive  compounds 


(Acrolein,  Allyl  alcohol,  Acryloni- 
trile (known  to  react  with  4- 
uridine,  inosine,  t-RNAJ) 

h)  Chlorinated  cycloditnts  having  an  unsaturated  group  in  a ring 
attached  to  the  chlorinated  one. 


(Aldrin,  Isodrin,  Heptachlor) 


These  compounds  are  known  to  be  converted  into  epoxides  that  are 
found  in  body  fat. 

i)  Bast  analogs 

(Benlate,  Isocil,  Lenocil,  Lavozil, 
Bromacil,  Terbacil) 

Some  of  these  compounds  may  possibly  inhibit  DNA  sysnthesis. 

j)  Arsenates,  Cacodyl ic  Acids,  inhibit  phosphorylation 

k)  Potential  Intercalating  Compounds 

(Anthraquinone,  Morestan,  Phe- 
nothiazine) 


Some  of  these  compounds  may  act  similar  to  acridines  and  intercalate 
between  DNA  bases. 

1)  Certain  antibiotics 

(Oriseofulvin) 
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IJ mg*  pattern* 

The  expected  increased  need  fori>esticidesin  the  next  ft-10  yenrs  will 
result  in  the  greater  use  of  currently  registered  chemicals.  Xew  prml- 
ncts  ait*  also  lieiug  rapidly  develo|>ed  ami  will  no  doubt  replace  u num- 
l>er  of  widely  used  pest  icicles.  The  enclosed  summary  lists  the  major 
categories  of  |iesticides  that  predominate  the  market. 

f/abicitlc*. — Ihveinergence  lierhieides,  such  ns  atm  //me  (triazine 
derivative),  trifhiurnliii  (a  dinitrotohiidine),  niniben  (lienzoic  acid 
derivative),  lend  the  use  of  herbicides  and  nw  expected  to  continue  tc> 
grow  over  the  next  several  years. 

Dostemergenc©  lierhieides,  such  ns  phenoxyneetic  acid  derivatives 
(i.e.,  *2.4*1),  2,4,o-T),  contribute  greatly  to  the  use  of  [icsticides  and 
represent  a major  nse  category. 

/i\*cct!ci(fc*.— For  yearn  DDT,  along  with  other  chlorinated  hydro* 
carl kuis,  dominated  the  insecticide  market.  However,  due  to  their  per- 
sistence and  jiotentinl  ecological  and  human  hazards,  they  will  prob- 
ably l»e  phased  ont  of  agricultural  use  in  the  lT.S.  in  the  early  future. 
Malntliiou,  a phosphate  insecticide,  will  likely  increase  in  usage  over 
the  next  several  yearn  and  represents  a major  class  of  insecticides  in 
use.  Carbary],  a carbamate  insecticide,  is  cx]>eeted  to  continue  to  grow 
in  use  and  is  now  a major  insecticide.  Similarly,  the  systemic  insec- 
ticides, such  as  carlttfuran,  dinicthoate,  disu]  fot  on,  mrthyl-demeton, 
]diorato,  phosphamidon,  are  major  products  in  use  today. 

Kasedon  l?.S.  sales  at  niaimfacttiring  levels,  the  following  materials 
can  be  considered  tbe  most  widely  used  in  agriculture : 


ttcrliriftcn: 

At  ratine 
Trifluralln 

Am  11  >cn  and  related  jirtKlmi* 

2,411 

2.4,5-T 

Mtraifn 

rarl*r;l 

MaUlMou 

Aldrln 

fUaifrvtft 

T<iia|4ieuo 

hut 

Methyl  imrathhm 
I'iMithlon 

! Ml  h ln<a  rta  mate* 
t'aptan 


rrnj»ach1nr.  1*1  >A  A and  related 
l»rodoct* 

Plcloram 

Paraquat 

lllcatnta 


AKlnphnafitethyl 
■ Chtordane 
llrt<«chb>r 
tU*n1fo(on 
I'boratr 
Krithane 
Itii*  Trn 
Kudrin 


IVnta<4il^roi»betH4 
I iodine 
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fmnfgant*: 

Methyl  bromide 

Of  those  agriculturally  important  materials,  several  should  be  given 
extra  consideration  because  of  their  widespread  usage  in  household 
formulations.  Among  these  are  chlordnne,  DDT,  and  its  analogs,  I1HC 
and  other  chlorinated  hydrocarl k>iis,  including  the  cyclodienes,  and 
certain  organophospliatesMtcli  as  Malathion.  In  addition,  a number  of 
other  products  are  used  particularly  fov  household  pnri>oses,  especially 
in  aerosols  and  valorizing  strips,  and  should  consequently  be  con- 
sidered as  priority  coinjjounds  for  mutagenic  evaluation.  Included  in 
this  group  are  the  pyrethroids  and  their  synergists,  i.e.,  piperonyl 
bntoxide,  Dichlorvos,  and  such  commonly  applied  insect  repellants, 
such  asdiethyltoluamide,  ai.d  ethylhexanediol.  Some  of  tlir^e  materials 
are  particularly  important,  because  human  exposure  occurs  largely 
through  inhalation  via  aerosol  sprays  or  vaporization  or  skin  absorp* 
tion,  and  to  a lesser  extent  also  by  ingestion. 

Literature  Summary 

General  considerations.  Approximately  400  cliemicals  are  now  u&d 
in  the  control  of  weeds,  insects,  nematodes,  rodents  and  plant 
diseases (1).  In  the  present  literature  search,  more  than  600  published 
papers  on  the  mutagenicity  of  pesticides  have  been  located.  Many  of 
these  papers  refer  to  com|>oiuids  which  are  not  currently  in  common 
use  in  the  United  States,  but  which  in  some  cases  are  used  elsewhere. 
Therefore,  they  represent  a i>otential  hazard  to  the  population  of  the 
United  States,  either  as  contaminants  in  imported  foodstuffs,  or 
through  future  registration  in  the  United  States.  In  this  preliminary 
manual  literature  search,  we  located  42  papers  referring  to  mutagenic 
testing  of  some  compounds  in  a recent  listing  (/).  In  total,  31  of  the  32 
compounds  tested  showed  mutagenic  activity  in  at  least  one  system. 
It  should  be  stressed,  however,  that  this  represents  a group  of  corn* 
|>ounds  preselected  as  likely  to  1*  mutagenic.  We  have  no  doubt  that 
a more  extensive  search  among  the  literature  already  in  Knvironmental 
Mutagen  Information  ('enter  (KMI(')  files  would  reveal  that  many 
more  of  the  commonly  used  lesticides  j»ossess  mutagenic  activity. 

It  is  api>arent  from  the  literature  that  there  has  been  no  large  scale 
testing  of  pesticides  for  mutagenic  activity.  Existing  re|>or1  ? are  there- 
fore s|*>radic.  Most  of  the  tests  for  mutagenic  activity  of  |)esticides 
lme  teen  done  on  plant*. 

A detailed  summary  table  of  literature  reviewed  is  given  in  the 
appendix.  Tl»e  following  examples  am  presented  for  illustration  only: 
a.  Fumii/ant*.— These  are  generally  used  in  restricted  areas.  The 
compound*  will  only  r**ch  the  human  (mpulat’on  if  they  are  |>ersist- 


ent.  As  fumigants  nit*  often  highly  reaetre,  it  is  likely  llmt  their 
breakdown  products  may  reach  the  general  |>opnlalioii.  For  example, 
ethylcneoxide  is  a highly  reactive  alkylating  agent  which  has  l>een 
shown  to  Ik*  mutagenic  in  many  systems.  If  chlorine  ions  are  present  in 
fumigated  material,  ethylene  chlorohydrin  will  Ik*  formed.  This  com- 
pound, stable  enough  to  persist  in  marketed  material,  induces  point 
imitations  in  Xcuronpora 

Several  other  fumigants  which  have  shown  mutagenic  action  include 
formaldehyde,  active  in  AY urotpora  and  thvnophifay  and  ethylene  di* 
bromide,  active  in  AYu/va/wiv* 

b.  Mnvttvy  pentichh's, — Twelve  of  the  >117  |iesticides  in  a recent 
listing  (/)  contain  mercury.  Kiglit  hundred  thousand  |>oundsof  mer- 
cury, representing  15  |>creont  of  the  total  amount  of  mercury  marketed 
per  annum  in  the  T.S.,  uit  used  in  the  production  of  |>esticides.  Most 
of  the  remaining  85  percent  is  used  in  mildew-resistant  paints.  In 
nature,  mast  nivrciuhil  com|K)unds  are  lijinll v converted  into  methyl- 
mercury,  This  accumulates  in  fish  and  shellfish.  Human  consnmptioi 
of  such  seafood  may  lead  to  accnmulntion  of  methyl-mercury  to  even 
lethal  levels.  Methyl-mercury  causes  nondisj unction  in  Drosophila; 
high  levels  of  chromosome  aberrations  have  been  found  among  heavy 
fish  eaters  in  Sweden  ( 2 ).  In  Japan,  deaths  and  teratological  effects 
have  been  directly  attributed  to  the  intake  of  mercury  containing  sea- 
foods (•?).  It  is  known  that  mercurial  residues  can  peisist  up  to  100 
years  in  polluted  lakes.  The  use  of  many  mercury  pesticides  is  now 
prohibited  in  Sweden, 

c.  Organophosphate  uMcticfdf**— Many  arc  triesters  of  phos- 
phoric acid,  and  as  such  might  lie  alkylating,  The  simplest  triester  is 
trimethyl  phosphate,  while  not,  however,  a )>csticide,  can  induce  i>oiiit 
mutations  in  A *uav*pom  ent**#  and  is  highly  active  in  the  dominant 
lethal  mouse  test  (4). 

d.  J/iVef/dncow*, — (Yptan  induces  chromosome  rearrangements 
in  rats  and  |>oi»t  mutations  in  Xnno^pont  * im*a.  Maleic  hydrnzide 
breaks  chromosomes  in  many  plant  systems,  although  inactive  in  the 
dominant  lethal  test  in  the  mouse,  Lindane  is  also  similarly  active  in 
many  plants  systems. 

(fonrfv*hn< — Although  only  lindud  information  on  t!*<r  mutagenic 
action  of  cominonly  used  pesticides  exists  at  present  in  the  literature, 
it  is  likely  that  automated  procedures  will  lie  required  to  keep  up  with 
an  expanding  literature. 
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Summary  and  Conclusions 


Teratology  deals  \vi()i  the  etiology  ancl  development  of  congenital 
malformations,  Congenital  malformations  are  generally  defined  as 
gross  structural  abnormalities  of  prenatal  origin,  present  at  birth  or 
manifesting  shortly  after,  which  kill  or  disable.  In  a broader  sense, 
tcratogencsis  is  considered  to  include  histological,  biochemical,  and 
functional  abnormalities  of  prenatal  origin. 

Congenital  malformations  present  obvious  j>or$onnl,  medical,  and 
social  stresses.  Additionally,  it  1ms  been  recently  estimated  that  the 
costs  to  society  of  one  severely  malformed  child,  in  terms  of  medical 
and  other  care  and  deprivation  of  potential  earnings,  amount  to  several 
hundred  thousand  dollars. 

There  are  row  well  over  400  substances  that,  in  various  forms  and 
combinations,  are  currently  used  as  |>esticidcs.  Pesticides  may  repre- 
sent an  ini|>ortunt  |>ot ent ial  tcmtogenic  hazard.  Therefore  any  tera- 
togenic |K»$ticidc  to  which  the  population  is  exposed  should  be k promptly 
identified  so  that  appropriate  precautions  cun  lie  taken  to  prevent  risk 
of  Innmin  exposure.  It  is  feasible  to  test  these  substances  for  teratogenic 
effects  in  test  animats  so  that  ]>otential  hazards  to  human  health  can 
I*  evaluated. 

For  these  and  other  reasons  detailed  in  the  report,  we  conclude  that: 

a.  All  currently  used  iroticidcs  should  lie  tested  fortclrntogenicity 
in  the  near  future  in  2 or  more  mammalian  sjiccies chosen  on  the  basis 
of  the  clo;  >st  mctnlxilic  and  pharmacologic  similarity  to  human  lieings 
(tossible.  Pesticides  should  lie  tested  at  various  concent  rations  including 
levels  sulistantially  higher  than  those  to  which  the  human  |K>pulation 
are  likely  to  lx*  cx|>oseb  Test  procedures  should  also  reflect  routes 
related  to  human  eximsuie.  Apart  from  the  obvious  route  of  ingestion, 
attention  should  lie  directed  to  other  routes  of  ex|>osiirc,  including 
inhalation  ex|*>sures  from  jicsticide  aerosols  and  valorizing  |rotiridc 
strips  used  domestically  and  ex|>osiircs  from  skin  absorption.  Paren- 
teral administration  is  an  appropriate  test  route  for  |iest  icides  In  which 
humans  are  exjioNcd  by  inhalation,  or  for  | rot  icides  which  are  sys- 
tnnically  alisnrlied  following  ingestion. 

b.  The  use  of  currently  registered  |icst icides  to  which  humans 
are  exposed  ami  which  are  found  to  lie  teratogenic  by  suitable  tes4  pro- 
icdurcs  in  one  or  more  mammalian  sjiccics  sliould  l*e  immediately 


restricted  to  prevent  risk  of  human  exposure.  Such  pesticides,  in  cur- 
rent use,  include  Captnn;  Carbary  1 ; (he  butyl,  isopropyl,  and 
isooctyl  esters  of  2,4-1)  Folpet ; mercurials;  PCNB;  and  2,4,5-T.  The 
teratogenicity  of  2,4-1),  t lie  other  salts  and  esters  of  both  2,4-1)  and 
2,4,5-T,  and  that  of  IPC  sliould  be  investigated  further. 

c.  Pesticides  found  to  be  inactive  after  appropriate  testing  can 
be  considered  as  provisionally  safe,  unless  other  evidence  of  terato- 
genicity develops. 

d.  Xo  new  pesticide  should  be  registered  until  tested  for  terato- 
genicity by  suitable  procedures.  Any  pesticide  found  to  be  teratogenic 
should  only  be  used  in  circumstances  where  risk  of  human  ex|>osiii'e 
is  minimal. 

e.  Kfforts  should  be  made  to  improve  and  standardise  procedures 
for  teiatogenicity  testing  and  population  monitoring. 

A scientific  group  or  commission  should  be  charged  with  responsi- 
bility for  continued  surveillance  of  the  whole  problem  of  pesticide 
teratogenesis. 

Metiiodoixxhes  ron  Teratooenicitv  Testing 
/nt  induction 

Prior  to  1063,  the  Food  and  Drug  Administration  did  not  require 
evaluation  of  teratogenicity.  As  n result  of  the  thalidomide  disaster, 
the  need  for  data  on  teratogenicity  became  evident.  In  1963,  the  Presi* 
dent's  Science  Advisory  Committee  on  “Tse  of  Peslicides1*  recom- 
mended that  toxicity  studies  on  pesticides  include  effects  on  reproduc- 
tion through  at  least  2 generations  in  at  least  2 s|>ecies  of  warmblooded 
animals,  Oliservations  to  be  included  were  effects  on  fertility,  sire  and 
weight  of  litters,  feM  mortality,  teratogenicity,  and  growth  and  devel- 
opment of  sucklings  and  weanlings.  Such  toxicity  studies  including 
the  three  generation  procedure  were  not  designed  primarily  to  detect 
teratogenicity  and  thus  may  not  be  appropriate. 

The  potential  teratogenicity  of  chemicals  may  be  detected  by  two 
complementary  approaches.  First,  chemicals  or  other  agents  may  bo 
administered  to  exjxrimental  animals  to  determine  whether  they 
induce  prenatal  damage.  Secondly,  and  on  a /*>*/  hoc  basis,  human  pop- 
ulations may  lx*  cpidoiniologically  surveyed  to  detect  geographical  or 
temporal  clusters  of  unusual  typos  or  frequencies  of  congenital  n.nl- 
format  ions.  Combinations  of  these  approaches  are  likely  to  ensure  early 
detection  and  identification  of  teratogenic  hazards. 

Experimentally,  a complex  of  factors  are  needed  to  elicit  teratogenic 
effects.  These  relate  to  gestation  period,  genotype  of  the  pregnant  ani- 
mal's dosage,  mode  of  administration  and  metabolic  transformation  of 
teratogen.  For  example,  teratogens  may  be  effective  only  at  a certain 
dose  range,  whether  high  or  low,  narrow  or  wide,  below  which  develop- 


in ent  is  apparently  undisturbed,  and  above  which  death  in  utero 
results. 

Most  agents  arc  teratogenic  only  in  the  dcvelopmentally  labile  early 
|>eriod  of  gestation,  during  which  active  organogenesis  occurs.  In 
humans,  this  sensitive  period  extends  aproximatcly  from  the  end  of  the 
lirst  week  of  pregnancy  to  the  12th  week.  Other  circumstances  may 
also  influence  the  effectiveness  of  human  teratogens,  such  as  maternal 
nutritional,  demographic,  socioeconomic,  and  cultural  factors,  physio- 
logical states,  and  temporal  and  seasonal  situations.  Thus  a potential 
teratogen  may  manifest  its  effect  only  when  particular  conditions 
conjoin. 

The  relationship  between  human  exposure  to  a teratogen  and  sub- 
sequent induction  of  congenital  abnornialiticsisgencrally  not  obvious. 
Any  one  teratogen  may  produce  a multiplicity  of  effects  and  any  spe- 
cific effect  may  l>o  produced  by  various  teratogens.  In  test  animals,  the 
tcrntogenctic  response  may  differ  from  sj>ecies  to  species.  In  humans, 
differences  in  genetic,  metabolic,  and  environmental  influences  may 
contribute  to  a variety  of  specific  effects  from  exposure  to  a particular 
teratogenic  agent.  Induced  and  s|>oiitnneoiis  effects  may  be  difficult  to 
distinguish.  The  teratogenicity  of  thalidomide  might  have  l>een  missed 
had  it  not  produced  malformations  rarely  encountered;  additionally, 
only  a fraction  of  the  pregnant  women  who  took  thalidomide  Imd 
defective  children. 

Consequently,  further  data  on  the  possible  teratogenic  effects  of  i**- 
ticnlcs  in  c.\]>eriinciitnl  animals  ait*  urgently  needed  to  provide  a basis 
for  evaluating  |>otciitial  hazards  to  human  health. 

.t  ncillary  method* 

Preliminary  screening  can  lx*  accomplished  by  the  use  of  noiiniani* 
malian  species,  particularly  the.  chick  embryo.  These  tests  may  give 
useful  ancillary  data  prior  to  further  testing  in  mammals.  However, 
negative  results  in  these  systems  alone  should  not  Ik*  considered  proof 
of  safety. 

/V  of  lower  mammalian  *j>ecfe* 

a.  Purity,  ooni|>ositioii,  stability,  and  source  of  coih|>ouih1s  under 
test  should  Ik*  determined. 

b.  At  least  two  mammalian  s|x*cies  should  lie  tested.  These  should 
le  chosen  on  the  basis  of  inetaljolic  and  pharmacokinetic  similarity  to 
human*.  If  |>ossiblc,  commercially  available  inbred  strains  should  Ik* 
used ; if  not,  mtras|>ccics  \ ariability  must  Ik*  recognized.  Species  conn 
i non  1 y used  include  mice,  rats,  hamsters,  rabbits,  dogs,  cats;  sheep  and 
swine  have  also  l>ccn  used. 

c.  Preliminary  mammalian  ex|>eriments  should  determine  the 
amounts  of  the  coni|xmnd  and  its  appropriate  metalolites  necessary 
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(o  produce  serum  levels  comparable  to  ranges  likely  to  be  found  in  hu- 
inans  after  high  level  accidental  exposure  as  well  as  potential  expo- 
sures assuming  extensive  use  of  that  |>csticide.  Multiples  of  these  dos- 
ages, up  to  the  mammalian  maternal  LI)™  should  be  administered  to 
determine  the  lowest  dosage  causing  a significant  increase  in  fetal 
death,  or  resorption.  Dosage  in  this  critical  range  should  be  tested  for 
teratogenic  effects  with  care  to  distinguish  these  effects  from  other 
embryotoxicity  and  to  determine  dose-response  relationships. 

d.  Comi>ounds  should  be  administered,  by  appropriate  routes, 
within  the  critical  dose  range  determined  by  preliminary  tests.  Paren- 
teral administration  is  an  appropriate  test  route  for  |>e$ticides  to  which 
humans  are  exposed  by  inhalation,  or  for  pesticides  which  are  sys- 
temically  absorbed  following  ingestion.  Compounds  should  first  be 
tested  by  single  administrations  of  a range  of  doses  at  various  times 
during  the  phases  of  active  organogenesis.  The  substance  should  be  ad- 
ministered  at  discrete  times  throughout  the  ]>criod  of  organogenesis  as 
various  organs  are  developing,  since  some  substances  have  specific 
effects  on  the  development  of  particular  organs.  By  this  technique, 
the  possibility  of  inducing  hepatic  microsomal  or  other  enzymes  facili- 
tating metabolic  detoxification  or  activation  of  the  substance  is 
also  minimized.  If  no  teratogenic  effects  are  detected  by  this  technique, 
subsequent  testing  should  be  based  on  related  administrations  of  the 
substance  at  daily  intervals  or  if  feasible,  intervals  of  less  than  24  hours 
during  the  entire  i>eriod  of  organogenesis. 

e.  When  appropriate,  metabolites  should  also  be  tested  for  terato- 
genic effects. 

f.  Additional  investigations  should  include — 

i.  Determination  of  appropriate  plasma  and  fetal  levels  of 
compounds : 

ii.  Determination  of  the  biological  half-life  of  the  conq>ound 
in  test  animals; 

iii.  Metabolic  studies  to  identify  mechanisms  of  detoxification  or 
activation  of  compounds  when  appropriate:  and 

IV.  Determination,  when  appropriate,  of  the  possible  l>otenliat- 
ing  effects  of  protein  deprivation  or  concomitant  ex|>nsutv  to 
other  ijestieides  or  other  environmental  agents. 

g.  All  procedures,  including  those  relating  to  animal  breeding, 
housing,  handling,  feeding,  husbandry,  methods  for  examining  fetuses 
for  congenital  malformations,  defining  the  onset  of  pregnancy,  and 
classifying  congenital  malformations  should  I*  rigorously  standard- 
ized, Numbers  of  pregnant  animals  and  offspring  must  Ik*  adequate 
for  statistical  significance.  All  testa  must  lie  replicated  on  inde]>cmleut 
occasions  and  with  con  tctn|>orai«eo%$  com  roK 
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XonJnnutm  primate*  . 

Results  from  lower  mammalian  si>ccics  may  warrant  subsequent 
testing  in  nonlnimnn  primates  The  following  considerations  should  be 
noted : 

a.  Records  of  menstrual  cycles  tire  essential.  Primates  whose  repro- 
ductive history  is  known  and  have  previously  delivered  normal  young 
should  be  selected  for  testing.  Timing  of  ovulation,  and  therefore  ges- 
tation, should  be  accurately  determined  by  allowing  the  males  and 
the  females  to  be  together  for  no  more  than  3 consecutive  days.  Vaginal 
smearing,  to  determine  the  presence  of  spermatozoa  should  be  avoided ; 
the  use  of  Tullner's  method  for  determining  chronic  gonadotropin 
levels  and  rectal  palpation  is  preferable. 

b.  Conqwunds  should  be  carefully  administered  in  controlled 
dosages. 

c.  Pregnant  animals  should  be  handled  only  minimally. 

d.  Coni|>ounds  should  be  administered  during  the  various  phases 
of  organogenesis.  Embryos  can  be  obtained  by  laparotomy  any  time 
after  (lie  first  100  days  of  gestation ; the  mother  may  l?e  subsequently 
used  for  other  cNj>erimental  procedures.  Additionally,  some  young 
should  be  allowed  to  go  to  term  to  identify  I>ossible  teratogenic  effects 
detectable  only  in  the  neonatal  jieriod. 

I'opulation  monitoring 

It  has  been  shown  (see  Literature  Review)  that  some  jiesticides  in- 
duce congenital  malformations  in  o>q/erinienta1  animals  providing  a 
critical  dose  is  appropriately  administered  at  critical  times.  Wien 
animal  experiments  indicate  that  a pesticide  is  teratogenic,  human 
effects  should  be  retrospectively  evaluated,  when  possible,  by  study  of 
pregnancies  during  which  the  mothers  were  inadvertently  exposed  to 
the  jKsticide,  such  as  a result  of  farm  work,  accidental  ingestion,  or  in- 
dustrial ex|*osnre.  Pro$|K*ctive  epidemiologic  approaches  may  involve 
follow-hpof  large  numbers  of  |>eople  over  long  |>eriods  of  time,  and  be 
slow,  tedious  extensive, or  difficult  to  implement.  It  is  not  appropriate 
to  conduct  prospective  epidemiological  studies  on  human  imputations 
with  pesticides  previously  shown  to  be  teratogenic  by  exj^rimentnl 
animal  studies  or  retros|>eclivc  human  data.  Human  exposure  to  such 
compounds  must  1*  minimized  by  appropriate  regulator}*  preventive 
action. 

Prospective  epidemiological  approaches  for  |>esticidcs  in  current 
use  may  provide  irii|>ortant  information,  however,  it  should  be  realized 
that  no  major  teratogen  has  yet  Uen  recognized  in  this  way.  The  mal- 
fonnations  induced  by  X-ray,  Herman  measles,  thalidomide,  and 
mercury — Minamata  disease,  were  each  recognized  by  an  alert  medical 


practitioner  who  observed  a cluster  of  cases  and  ( hen  traced  the  cause 
to  its  source. 

What  can  be  done  to  enhance  pm  nipt  recognition  of  such  clusters 
should  they  occur  from  previously  unsuspected  teratogens  in  the  fu- 
ture? A variety  of  existing  data  resources  can  lie  used  for  this  pur- 
pose. In  each,  the  occurrence  of  congenital  malformations  in  substan- 
tial segments  of  the  population  is  l>cing  recorded  in  a standard  fash- 
ion. The  best  of  these  resources  are  local,  rather  than  statewide  or  na- 
tional. The  prepaid  medical  program  of  the  Kaiser- Permanent©  Hos- 
pitals and  Clinics  in  the  San  Francisco  hay  Area  are  of  particular  in- 
terest* A detailed  study  there  of  the  occurrence  of  malformations 
among  16,000  births  represents  a good  model  for  additional  investi- 
gations. A similar  study  1ms  been  made  by  flic  Health  Insurance  Plan 
of  Cireater  New  York,  but  its  30  or  lnorecoojierating  clinics  are  less  eas- 
ily coordinated  than  the  Kaiser  system. 

A citywide  surveillance,  known  ns  the  Metropolitan  Atlanta  Con- 
genital Defects  Program  (jointly  directed  by  Emory  University 
School  of  Medicine,  the  (leorgia  Department  of  Public  Health,  and 
the  National  Communicable  Disease  Center,  USPHS),  involves  re- 
ports on  all  children  with  congenital  malformations  born  to  residents 
of  the  five-county  Atlanta  area.  As  yet,  no  cluster  of  cases  has  sug- 
gested an  environmental  influence  since  the  program  began  in  October, 
1067. 

In  a substantial  number  of  States,  birth  certificates  contain  an  item 
concerning  congenital  malformations.  The  completeness  and  accuracy 
of  such  reporting  varies  considerably  and  depends  on  the  physician's 
interest  and  diligence  and  on  the  mnspicuousness  of  the  abnormality. 
Birth-certificato  data  on  malformations  in  New  York  State  are  more 
extensive  than  those  of  many  other  States  and  have  been  effectively 
used  in  several  research  studies.  Nationally,  however,  no  attempt  lias 
been  made  to  collect  and  evaluate  all  data  on  malformations  that  are 
available  on  birth  cert  ificates. 

A select  committee  convened  by  the  National  Center  for  Health 
Statistics  (NCHS),  has  recommended,  in  an  excellent  but  little  known 
report,  that  efforts  be  made  to  improve  and  use  information  on  con- 
genital malformations  recorded  on  birth  certificates  (Vital  and  Health 
Statistics,  Documents  and  Committee  Reports,  NCHS  Series  4,  Num- 
ber 7,  March  1968),  Implementation  of  this  recommendation  would 
Ik*  of  great  value,  for  monitoring  to  detect  the  teratogenic  effects  of 
newly  introduced  or  geographically  localised  environmental  chemicals 
or  other  agents. 

To  enhance  our  ability  to  recognise  significant  changes  in  con- 
genital malformation  rates,  a systematic  collection  of  data  from 
concentration  points  should  lie  established.  Specifically,  a stirred* 
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lance  should  be  made  of  claims  submitted  to  private,  State,  or  local 
agencies  for  the  medical  care  of  children  with  birth  defects.  Because 
the  Children's  Bureau,  I)I!E\V,  has  so  much  experience  with  these 
agencies,  its  assistance  should  lie  sought  in  planning  the  surveillance 
network. 

Data  from  foreign  countries  should  also  be  evaluated  ns  part  of 
a national  effort  to  study  possible  relationships  between  [pesticides 
and  congenital  malfunctions. 

In  studying  the  |mssible  relationships  between  ex  posure  to  [pesticides 
and  the  occurrence  of  diseases,  statistical  associations,  if  pi'osent,  will 
provide  important  information.  However,  when  possible  it  is  impor- 
tant to  secure  additional  information  concerning  the  following: 
a.  l)ose-res|>oii$e  relationships, 
h.  Alpsencc  of  alternative  explanations. 

c.  Biological  plausibility. 

d.  Consistency  with  other  knowledge  from  clinical,  lalporntorv, 
and  epidemiologic  research. 

e.  I)isapi>carance  of  the  effect  when  the  presumed  cause  is 
removed. 

In  particular,  ns  clusters  of  s[>ccifie  anomalies  are  recognized, 
through  whatever  resources  that  presently  exist  or  may  l>c  developed, 
any  possible  relationships  to  ] pesticides  would  1)e  clarified  by  the  use 
of  1al>oratory  techniques  to  measure  the  maternal,  fetal,  or  neonatal 
Ipody  burden  of  susjpcct  chemicals. 

There  are  national  units  engaged  in  teratologic  research,  but  each 
is  following  a set  method.  There  is  a critical  and  immediate  need  to 
establish  a national  or  international  center  lo  study  congenital  mal- 
formations in  man  not  by  a single  method  hut  by  whatever  technique* 
are  most  appropriate  for  testing  or  generating  hypotheses.  The  cen- 
ter should  Ik*  diversified  and  fast  moving,  ready  to  use  local,  national, 
or  international  resources  in  order  to  determine  the  significance  of 
lalporatorv orclinical  data. 

LtTT.n.m  Rr.  Hr.vtr.tv 

. I nhnal  *h/dfc* 

For  snivel  lien  re,  detailed  results  of  the  Bionctics  study  Rre  pre- 
sented in  a siiltscqiicnt  section. 

Much  of  the  total  available  literature  and  data  reviewed  by  this 
Panel  weiv  methodologically  inadequate  to  siip|Hirt  definitive  con- 
clusions. Additionally,  the  authors  of  many  iv|>ot1s  tended  to  confuse 
or  equate  embryotox icily  and  other  adverse  effects  on  reproduction 
with  teratogenicity.  It  is  also  apparent  from  the  literature  that  in- 
sufficient attention  lias  Ikvii  directed  towards  proldcms  of  interactions 
in  testing  for  teratogenesis. 
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Till'  Panel  considered  tlio  following  information  to  be  of 
significance: 

a.  Captan  and  Fat  pet, — These  pesticides  have  been  shown  to  be 
teratogenic  in  chicken  embryos  ( Verrett  et  ah,  1969).  Captan  was  also 
shown  to  be  teratogenic  in  rabbits  (McLaughlin,  I960),  although  other 
rabbit  studies  yielded  negative  results  (Kennedy  et  ah,  1968;  Fabro 
et  ah,  1905).  The  enhancement  by  protein  deprivation  of  the  acute 
toxicity  of  captan  to  rats  (Boyd,  1968),  was  noted  with  particular 
interest.  The  teratogenicity  of  captan  and  Folpet  in  mice  was  demon- 
strated in  Bionetics  studies.  Unpublished  data  on  captan  in  mon- 
keys we iv  evaluated  and  found  inadequate;  in  these  studies,  the  dura- 
tion of  organogenesis  was  not  entirely  covered  and  controls  were  not 
appropriate.  However,  the  3/7  uliortions  observed  at  the  highest  dosage 
given,  25  mg./kg.,  may  l>c  indicative  of  an  embryotoxic  hazard  due  to 
captan. 

b.  Carbaryl. — This  was  tested  at  G6.7  and  200  p.p.in.  in  the  diet  of 
pregnant  mice  (FAO/WIIO,  1967).  In  two  litters  at  the  200  p.p.m. 
level,  a total  of  seven  instances  of  skeletal  malalignment,  nonfnsion, 
incomplete  ossification,  and  one  case  of  deft  palate  and  gross  facial 
mal formation  were  noted,  as  opposed  to  no  malformations  in  the  low- 
level  group  and  two  cases  of  cleft  palate  in  controls.  Teratogenetic 
findings  for  carbaryl  are  also  reported  in  the  Bionetics  study.  In  a 
study  in  l>eaglc  dogs  fed  carbaryl  during  gestational  periods  at  levels 
of  50,  25,  12.5,  6.25,  and  3.1*25  mg./kg.  1x>dy  weight  daily,  teratogenic 
effects  were  found  at  all  but  the  lowest  dose  level  (Smalley,  1968). 

r.  Mercurials. — Organoniercury  compounds:  Various  mercury 
containing  pesticides  were  evaluated  under  the  heading  “phenylmcr- 
enry  acetate  (and  other  organoniercury  compounds)”  by  the  1966 
Joint  Meeting  of  the  FAO  Working  Party  and  the  WIrr>  TVoert  Com- 


mittee on  Pesticide  Residues  (FAO/WIIO,  1967).  T’  »f  addi- 
tional experimental  work  have  been  reported  in  tin  luations 

of  Some  Pesticide  Residues  in  Food.  Addition  it  ion  on 

“Methylincrcnry”  was  published  by  the  Kcologic  ’oinmit- 

tee,  the  Swedish  Natural  Science  Research  Com  Bulletin 

no.  4.  by  Goran  Iiofroth,  where  embryotoxic  effe<  t reported 

by  Frolen  and  Ramel)  were  discussed  along  wit i n When 

given  subcutaneously,  in  doses  of  0.11  mg.  on  > estation, 

phenylniercuric  acetate  was  reported  to  cause  fet:  attons  in 

mice.  Eye,  tail,  and  central  nervous  system  defects  (Mura- 

kami et  at ,,  1956). 

d.  Organoehlortnc . — Kinbryotoxieity  in  rats  has  been 

reported  for  organochlori lies  including  dieka;  ne,  and 

kepone.  In  the  absence  of  convincing  data,  kelthan  claimed 


to  bo  teratogenic  in  mice  (An  Per  Lull,  10(H) ; see  also  Rionetics 
studies. 

e.  Onjanophoxphatex. — The  cholinesterase-inhibiting  organo- 
pliosphate  insecticides,  guthion,  parathion,  diazinon,  Rich-in,  Trithion, 
ami  KPN,  lmve  been  shown  to  he  teratogenic  when  injected  directly 
in  the  yolk  sac  of  chick  embryos.  The  malformations  were  nonspecific  or 
common  to  alt  organophosphntes  (Kish,  11)00) . It  was  also  claimed  that 
these  compounds  are  teratogenic  in  mice.  The  data  reported,  however, 
suggested  that  organophosphates,  like  the  organoclilorincs,  act  by 
reducing  litter  size  and  producing  enibryotoxicity  rather  than  by 
producing  specific  teratogenic  effects.  See  also  Rionetics  studies. 

/.  Thieam. — Tliiram  was  reported  to  l)e  teratogenic  in  hamsters 
at  250  mg./ kg.  (Itobens,  1009).  In  the  Rionetics  study  it  was  not  found 
to  be  teratogenic.  In  a study  of  three  generations  of  nits,  no  toxicologic 
cal  effects  were  observed  at  a dietary  level  of  48  p.p.m,  (F  AO/ WHO, 

1967) .  However,  Thirain  should  be  further  investigated  for  possible 
teratogenic  effects. 

g.  Miscellaneous  repeal  net  ice  effects . — Placental  transfer  of 
dieldrin  ancl  incidence  of  stillbirths  have  been  studied  in  cows  (Rraund, 

1968) ;  increased  stillbirth  rates  have  been  claimed  in  cows  fed  with 
I)I)T  (Labon,  1965).  The  estrogenic  activity  of  o,p’I)I)T  has  been 
related  to  reproductive  effects  in  chicken,  quail,  and  rats  (Bateman, 
1968,  Wnrster,  1968 ; Porter  and  Weimeyer,  1969).  Diminislied  popula- 
tion size  and  reproductive  failure  have  been  produced  in  sparrow 
hawks  by  1)I)T  and  dieldrin  (Porter  and  Weimeyer,  1969).  These 
resulted  from  a decreased  eggshell  thickness,  increased  breakage  of 
eggs,  and  increased  egg  eating  by  parent  birds.  Other  studies  of 
interest  include  the  following:  Finnegan,  1949;  Tauber,  1950;  Fisher. 
1952;  Narjxjzzi,  1956;  Swann,  1958;  Cottrell,  1959;  Marline,  1964; 
Raekstroin,  1965;  Hathaway,  1907;  Ware,  1967;  Weike,  1967 ; Carlton, 
1968;  Keplinger,  1968;  Khera,  1968;  Verrett,  1969;  Legator,  1969. 

Hi  one  tics  animal  studies 

Rionetics  Research  Laboratories  of  Litton  Industries,  during 
1905-68  under  a contract  for  the  National  Cancer  Institute  (NCI 
Contracts  PIT  45-64-57  and  PH  45-67-755),  tested  various  pesticides 
and  related  compounds  for  teratogenic  effects.  These  studies  were  de- 
signed as  large-scale  screening  tests.  The  Rionetics  data  were  re- 
analyzed statistically  to  account  for  litter  effects.  The  results  of  this 
statistical  re-evalnatioii  are  presented  in  this  section.  Moix?  detailed 
material  on  these,  pesticides  will  be  published  in  the  future. 

a.  Summitry  of  findings  from  II  tone  tic  animal  studies. — Tested 
more  extensively  than  other  pesticides,  2,4,5-T  was  clearly  teratogenic 
as  evidenced  by  production  of  statistically  increased  proportions  of 


665 


litters  affected,  mid  increased  propoi lions  of  abnormal  fetuses  within 
1 itt ei>i  in  l)oth  DMSO  and  Honey  for  both  C57HL/6  and  AKH  mice. 
In  particular,  cleft  palate  and  cystic  kidneys  were  significantly  more 
prevalent.  In  addition,  a hybrid  strain  resulting  from  n (Y)7HIj/6 
female  and  AKH  male  showed  significant  increases  in  anomalies,  in 
particular  cystic  kidney,  when  administered  at  113  mg./kg.  of  body 
weight  in  DMSO. 

Additionally,  2,4,5-T  was  tested  in  Sprague-Dawley  rats.  When 
given  orally  at  dosages  of  4.0,  10.0  and  40.4  mg./kg.  on  days  10 
through  In  of  gestation,  an  excessive  fetal  mortality,  up  to  00  percent 
at  the  highest  dose,  and  high  incidence  6f  abnormalities  in  the  sur- 
vivors was  obtained.  The  incidence  of  fetuses  with  kidney  anomalies 
was  three-fold  that  of  the  controls,  even  with  the  smallest  dosage 
tested. 

PCNB  produced  an  increase  in  renal  agenesis  between  litters, 
and  within  litters,  when  administered  orally  from  days  6-14  or  days 
6-10  of  pregnancy.  However,  renal  agenesis  was  not  produced  when 
PCNB  was  administered  only  from  days  10-14  of  pregnancy.  These 
effects  were  produced  in  only  the  C57BL/6  strain  of  mice. 

Other  pesticides  producing  a statistically  significant  increase 
in  the  proportion  of  litters  containing  abnormal  fetuses  and  in  the 
increased  incidence  of  abnormal  fetuses  within  litters  were:  Onptan, 
Pol  pet,  2,4-D  isooctyl  ester,  2,4-D  butyl  ester,  2,4-D  isopropyl  ester, 
carbaryl  (Sevin),  and  IPC.  These  pesticides  produced  elevated  inci- 
nnd  in  one  solvent  only.  The  rcsidts  for  carbaryl  and  for  IPC  were 
less  consistent  than  for  other  compounds.  (The  pesticides  2,4,5-T, 
PCNB,  captnn.  Folpet,  carbaryl,  IPC,  and  the  butyl  and  isopropyl 
esters  of  2,4-D  were  statistically  significant  at  the  .01  level,  for  one  or 
more  tests.  This  criterion  is  similar  to  that  adopted  by  the  Technical 
P~nel  on  Carcinogenesis,  Chapter  5,  to  identify  “positive”  compounds. 
The  isooctyl  ester  of  2,4-D  was  significant  at  the  0.05  level.) 

Compounds  inducing  only  an  increase  in  the  proportion  of  ab- 
normal fetuses  within  litters  were:  a-naphthol,  and  2,4-D  methyl 
ester.  The  statistical  significance  of  these  results  was  relatively 
weak;  further  study  is  required  l>efore  any  conclusions  can  be 
reached.  Similarly,  2,4-D  produced  only  an  increase  in  the  proportion 
of  abnormal  litters  during  M'65  in  AKB  mice.  Due  to  the  teratogenic 
activity  of  certain  of  its  esters,  2,4-D  should  l>e  studied  further. 

Carbaiyl  plus  piperonyl  bntoxide  did  not  show  an  overall  in- 
crease in  nonspecific  anomalies,  but  resulted  in  significantly  more 
cystic  kidneys  for  doses  above  10  mg./kg.  carbaryl  plus  100  /d./kg. 
piperonyl  butoxide. 

It  must  be  emphasized  that  failure  to  detect  statistically  sig- 
nificant inoiiiises  of  anomalies  may  be  due  to  insensitivity  resulting 


from  experiment ul  variation  and  small  numbers  of  litters  tested.  In 
addition,  higher  fetal  mortality  among  some  of  the  “negative”  com- 
pounds may  be  selectively  eliminating  abnormal  fetuses. 

b . Methods. — Four  strains  of  mice  were  used;  C57BL/6,  AKR, 
C3H,  and  A/IIti.  Most  of  the  studies  were  i>erformed  with  the 
C57RL/6  strain.  A hybrid  fetus  resulting  from  mating  a C57BL/C 
female  with  an  AKR  male  was  used  to  study  a few  compounds.  More 
restricted  studies  were  also  made  on  Sprague  Dawley  rats;  results 
of  these  with  reference  to  2,4,5-T  are  considered  separately. 

Most  compounds  were  administered  subcutaneously  in  0.1  ml. 
solutions  of  dimetliylsulfoxide  (DMSO).  Water  soluble  compounds 
were  administered  in  saline,  and  some  times  also  in  I)MSO.  Compounds 
administered  orally  were  given  by  gavage  in  0.1  ml.  in  a 60-percent 
honey  solution.  Groups  of  positive  controls  and  untreated  controls 
were  included,  as  well  as  controls  receiving  only  DMSO,  saline,  or 
honey.  While  controls  were  run  periodically  throughout  the  duration 
of  the  study,  compounds  and  controls  were  not  matched  with  respect 
to  either  route  or  date  of  administration. 

Virgin  females  were  used  in  these  studies.  The  onset  of  pregnancy 
was  determined  by  detection  of  vaginal  plugs.  Compounds  were 
administered  daily  from  the  sixth  to  the  14th  day  of  pregnancy  {15th 
day  for  AKR  mice).  Mice  were  sacrificed  on  the  18th  day  (19th  day 
for  AKR  mice)  of  gestation.  On  sacrifice,  fetuses  were  examined  for 
anomalies.  Approximately  two-thirds  of  the  fetuses  were  then  stored 
in  Itouin’s  solution  until  necropsy.  Remaining  fetuses  were  stained 
with  alizarin  red  S after  proper  processing.  Numbers  of  resorption 
sites  and  dead  fetuses  were  also  scored. 

c.  Statistical  analysis. — All  analyses  were  performed  on  a per 
litter  basis  rather  than  a per  fetus  basis,  since  initial  investigations  in- 
dicated that  the  occurrences  of  anomalies  among  fetuses  within  litters 
were  correlated.  The  large  litter-to-litter  variation  may  reflect  some 
maternal  effect,  an  indication  of  the  effective  dose  level  of  the  com- 
pound actually  reaching  the  fetuses,  experimental  variation,  or,  as  is 
most  likely,  some  combination  of  the  three  factors. 

While  there  were  no  statistically  significant  time  trends  within 
the  various  control  groups  in  terms  of  the  onset  of  fetal  anomalies  in 
the  057BL/6  mice,  the  incidence  of  fetal  mortality  was  certainly  time- 
dependent  in  this  strain,  with  1965  being  characterized  by  a low  in- 
cidence of  prenatal  deaths.  Furthermore,  there  was  a period  of  ap- 
proximately 6 months,  extending  from  the  latter  part  of  1965  into 
early  1966,  during  which  no  control  animals  ware  tested.  During  this 
period  a change  in  the  substrain  of  C57BL/6  mice  used  in  the  study 
took  place.  Finally,  among  abnormal  litters,  as  defined  by  litters  con- 


taming  at  least  one  abnormal  fctiu,  there  was  some  suggestion  that 
the  distribution  of  abnormal  fetuses  per  litter  was  stochastically  larger 
in  the  DMSO  controls  than  it  was  in  the  untreated  controls.  Thus,  the 
possibility  exists  of  a time/strain/solvent  interaction  that  is  unde- 
tectable in  the  controls  localise  the  level  of  background  teratologic 
activity  is  relatively  low.  This  potential  interaction  effect  could  either 
enhance  or  dissipate  the  effect  of  any  given  compound,  depending  on 
the  conditions  under  which  it  was  administered.  Tims,  the  data  were 
necessarily  separated  by  both  time  period  and  solvent  for  the  purposes 
of  analysis.  Similarly,  an  increase  in  fetal  anomalies  in  the  DMSO 
controls  of  the  A Kit  mice  was  noted  after  November  19Gf>.  Tims,  the 
AIvR  data  were  analyzed  separately  in  two  time  periods. 

It  should  he  noted  that  not  all  compounds  were  administered  on 
more  than  one  occasion  or  in  more  than  one  solvent  or  strain.  Thus,  in 
general  the  compounds  in  the  study  cannot  he  compared  for  terato- 
genic potential,  since  those  that  were  tested  extensively  were  more 
likely  to  show  some  adverse,  effect  and,  perhaps,  less  likely  to  appear 
consistent  overtime,  solvent,  and/or  strain. 

As  noted,  approximately  two-thirds  of  the  fetuses  were  stored  in 
Bonin’s  solution  until  necropsied;  the  remainder  being  stained  with 
alizarin  red.  However,  in  many  instances  the  proportion  of  necropsied 
fetuses  was  slightly  higher  for  the  compound  under  investigation  than 
for  the  corresponding  controls.  It  is  doubtful  if  this  discrepancy  could 
have  any  appreciable  effect  on  the  conclusions  since  the  incidence  of 
anomalies  detectable  only  by  necropsy  among  control  animals  was 
relatively  low.  Furthermore,  if  all  of  the  control  and  test  mice  had 
been  necropsied,  the  significance  of  the  diffidences  observed  in  this 
study  would  he  intensified.  Thus,  no  effort  was  ni  nl  ^o  correct  for  in- 
equalities in  the  necropsy/stain  ratio  in  the  present  analysis.  Addi- 
tionally, no  attempt  was  made  to  correct  for  differences  in  litter  sizes 
or  sex-ratios  within  litters,  since  both  of  those  factors  may,  at  least  in 
part,  reflect  effects  of  the  compound  under  test. 

(L  Iivnult*. — Data  for  pesticides  yielding  a statistically  increased 
level  of  anomalies  in  C57BL/0  and  AKR  mice  are  listed  in  tables  1 and 
•J,  respectively.  The  proportion  of  abnormal  litters  gives  t he  propor- 
tion of  litters  containing  one  or  more  abnormal  fetuses,  as  a measure  of 
the  prevalence  of  anomalies  across  litters.  The  proportion  of  abnormal 
fetuses  per  litter  gives  a measure  of  the  prevalence  of  anomalies  within 
litters.  The  proportion  of  abnormal  fetuses  per  litter  for  litters  con- 
taining abnormal  fetuses  gives  a measure  of  the  prevalence  of  anom- 
alies within  effected  litters.  A significant  increase  of  dead  fetuses  and 
resorptions  is  also  listed.  Some  tests  were  conducted  on  only  one  par- 
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ticulnr  day  or  on  adjacent  days  ns  listed.  Eye  anomalies,  mainly  micro- 
phthalmia, and  anophthalmia,  accounted  for  approximately  50  percent 
of  the  individual  anomalies  in  C57HL/6  mice.  To  a largo  extent,  re- 
sults in  table  1 reflect  changes  in  the  incidence  of  eye  anomalies.  Yet, 
when  the  data  were  analyzed  excluding  fetuses  with  microphthalmia 
only,  there  were  no  striking  changes  in  the  results.  In  the  last  column 
of  table  1,  statistically  significant  increase  in  various  types  of  anom- 
alies other  than  eye  anomalies  arr  listed.  The  positive  controls,  trypan 
blue  and  ettiyleneimine,  table  1,  and  G-aminonicotinaintde,  table  2, 
showed  elevated  levels  of  anomalies,  although  the  latter  control  did 
not  yield  consistent  results  over  all  dose  levels. 

Only  those  test  conditions  which  resulted  in  statistically  elevated 
incidences  of  anomalies  are  listed  in  tables  1 and  2.  Some  compounds 
gave  no  increase  in  anomalies  (based  on  the  overall  incidence  if  tested 
in  both  time  periods)  when  tested  in  other  solvents,  strains,  or  dose 
levels  (table  3).  It  must  be  emphasized  that  failure  to  detect  a statis- 
tically significant  increase  in  anomalies  may  onty  be  a reflection  of 
experimental  insensitivity  due  to  experimental  and  biological  varia- 
ton  and  insufficient  number  of  litters.  Thus,  compounds  showing  no 
increases  cannot  be  considered  nonteratogenic.  For  example,  trypan 
blue  in  DMSO  at  the  highest  dose  level  tested,  37.5  mg./kg.,  did  not 
show  an  increase  in  anomalies,  possibly  due  to  higher  fetal  mortality. 
Standard  corrected  2X2  chi-square  tests  (/)  were  used  to  compare 
the  proportion  of  abnormal  litters  for  the  compound  with  the  controls 
in  the  same  solvent.  In  the  cases  where  *ests  were  conducted  in  two 
time  periods,  the  results  from  the  two  chi-squares  were  combined  (1 ). 
The  levels  of  statistical  significance  for  the  combined  tests  are  listed 
under  the  total  column  for  proportion  of  abnormal  litters. 

The  distribution  of  the  proportion  of  abnormal  fetuses  per  litter 
(tables  1 and  2)  for  compounds  were  compared  with  the  appropriate 
control  distribution  by  use  of  the  nonparametric  Mann-Whitney  U- 
test  (£).  This  test  requires  that  the  proportion  of  abnormal  fetuses  per 
litter  is  independent  from  litter  to  litter,  but  requires  no  assumption 
about  the  frequency  distribution  of  these  proportions.  Again,  where 
litters  were  run  in  both  time  periods,  the  significance  level  for  the 
combined  tests  is  given  under  the  total  column.  Bracketed  data  include 
groups  which  were  combined  before  statistical  tests  were  conducted. 

STATISTICAL  REFERENCES 

(/)  iS.NKDLcojt,  U.  W.  a.nd  Cochra.v,  W.  G. : Stutintical  Method*,  6th  ed.  Iowa 

State  I’niv.  Press.  Ames.  Iowa  <10G7). 

(i)  fcsTEKL,  R,  (j.  I>.  and  Torrif,  J.  H.  : Principle * and  Proc<du*'V8  of  Statistic*. 
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Table  3. — Tests  which  showed  no  significant  increase  oj  anomalies 
(with  particular  dosesf  sohents,  or  test  strains) 


Dose  per  kg.  Increased  Total 
Compound  6trains  Solver.*,  body  wt.  mortality  number 

(C67BL/A)  ofli  tiers 


b 


\ 

I 


} 

V 

I 

\ 


o [ 
ERIC  | 

jl 

j 


2,4,5-T 

C57 

DMSO 

21.5  mg. 

PCNB  (daya  10-14) 

C57 

Honey 

464  mg. 

PCNB 

AKIt 

Honey 

464  mg. 

Captan 

C57 

Honey 

100  mg. 

Do 

AKR 

DMSO 

100  mg. 

Folpet 

C57 

Honey 

100  mg. 

Do 

AKR 

DMSO 

100  mg. 

2,4-D  Isooctyl  cater 

C3II 

DMSO 

48  *1. 

Do.  

A/Ha 

DMSO 

24  mI. 

Do 

AKR 

DMSO 

130  m1> 

2,4-D  Butyl  Ester 

C57 

DMSO 

46  mE 

Do 

AKR 

DMSO 

100  mE 

2,4-D  Isopropyl  Ester.  - 

C57 

DMSO 

46  m1. 

Do 

AKR 

DMSO 

94  m1> 

Carbary  1 

C311 

DMSO 

100  mg. 

Do 

C57XAKR 

DMSO 

100  mg. 

Do 

AKR 

DMSO 

464  mg. 

IPC... 

C3H 

DMSO 

850  mg. 

1PC 

AKR 

DMSO 

850  mg. 

2,4-D  Methyl  Ester 

AKR 

DMSO 

106  mg. 

Do 

C57XAKR 

DMSO 

106  mg. 

o,p'-DDD 

C57 

DMSO 

100  mg. 

Do 

AKR 

DMSO 

100  mg. 

2,4-D 

C57 

DMSO 

100  mg. 

Do 

C57 

Honey 

100  mg. 

Do 

C3H 

DMSO 

100  mg. 

Do 

C57X 

AKR 

DMSO 

98  mg. 

Zcctran 

C57 

DMSO 

10  mg. 

Do 

AKR 

DMSO 

10  mg. 

Thiram 

C57 

DMSO 

10  mg. 

Do 

AKR 

DMSO 

115  mg. 

Fcrbam 

C3H 

DMSO 

4.64  mg. 

Do 

C57 

DMSO 

4.64  mg. 

Monuron 

C3H 

DMSO 

215  mg. 

Do 

C57 

DMSO 

215  mg. 

Do 

C57 

Honey 

215  mg. 

Do 

AKR 

DMSO 

215  mg. 

Diuron 

C3H 

DMSO 

215  mg. 

Do 

C57 

DMSO 

215  mg. 

2,4-D  Ethyl  Ester 

C57 

DMSO 

86  mI 

Do 

AKR 

DMSO 

86  m! 

Atrazinc 

C3H 

DMSO 

46.4  mg. 

Do 

C57 

DMSO 

46.4  mg. 

Do 

AKR 

DMSO 

46.4  mg. 

Yes 


6 

9 

9 

12 

13 

5 

13 

6 
ft 
8 
6 

10 
6 
6 
8 
6 

13 

11 

13 

7 

ft 

13 

12 

16 

12 

6 

11 

7 

7 

8 
7 
6 
6 
7 

13 

9 

13 

6 

6 

7 

7 

6 

13 

15 
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Tahlk  3. — Tests  which  showed  no  significant  increase  oj  anomalies 
( with  particular  doses , solvents,  or  test  strains)— Continued 


Compound 

Strains 

Solvent 

nose  per  kg. 
body  wt. 

Increased 

mortality 

(CB7BL/6) 

Total 

number 

oflitters 

Piperonyl  Rutoxide 

G3KI 

DM80 

1000  #il 

0 

I)o 

Co  7 

DMSO 

1000  gl 

0 

Do 

Co  7 

])MSO 

2l.o  Ml 

G 

p.p'-UDJ) 

....  Co 7 

DMSO 

40.4  mg. 

G 

p.n'-DDT 

C57 

DMSO 

4G.4  mg. 

G 

Cnrbaryl  + Nicotina- 

DMSO 

100  + 01 

10 

tnidc 

Co  7 

mg. 

Nicotinamide 

....  C57 

DMSO 

01  mg. 

Yes 

0 

CIPC 

....  C57 

DMSO 

1000  mg. 

0 

Nabam 

C31I 

DMSO 

21.5  mg. 

0 

Do 

C57 

DMSO 

40.4  mg. 

0 

Do 

Co  7 

Saline 

46.4  mg. 

14 

Do 

.....  AKR 

DMSO 

40.4  mg. 

5 

Do 

AKR 

Saline 

40.4  mg. 

14 

Propazine 

C3H 

DMSO 

464  mg. 

0 

Dicry  1 

Co  7 

DMSO 

21.5  mg. 

6 

Perthane 

C57 

DMSO 

100  mg. 

0 

Ovex 

AKR 

DMSO 

185  mg. 



7 

Tcdion 

AKR 

DMSO 

217  mg. 

G 

Amitrol 

C57 

Saline 

404  mg. 

13 

Do 

.....  C57 

Honey 

215  mg. 

Yes 

S 

Do 

AKR 

Saline 

404  mg. 

14 

flu  man  studies 

Epidemiologic  data  on  possible  clients  of  pesticides  on  human  re- 
product  ion  and  teratology  are  grossly  inadequate.  Prospective  studies 
on  this  subject  are  difficult  to  design  and  almost  nonexistent,  except 
for  the  community  pesticide  program  of  the  Food  and  Drug 
Administration. 

('hlorinatcd  hydrocarbons* — In  a recent  review  (Khera  and 
Clegg,  19159) , no  adverse  human  reproductive  effects  were  attributed 
to  DDT  and  other  chlorinated  hydrocarbons.  Studies  on  *240  pregnant 
women  indicated  that  21  percent  bad  significant  first  trimester  pest i - 
cide  exposure,  and  that  52  percent  were  exposed  during  their  entire 
pregnancy.  No  statistical  difference  in  numbers  of  patients  with  anoma- 
lies existed  between  these  exposed  groups  (Nora  et  al.,  1067).  Low 
values  of  DDT  residues  have  been  found  in  n small  number  of  human 
placentas  (Rappolt  et  al.,  1060).  Sharply  reduced  tissue  levels  were  also 
found  in  68  newborn  infants  (Zavon.  1060).  Pesticide  levels  in  human 
milk  have  not  shown  any  relation  to  perinatal  toxicity  (Lang  et  al., 
1951;  Lofroth,  1069;  Curley  and  Kimbrough,  1069).  Studies  on  152 
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mothers  allowed  transplacental  passage  of  DDT  and  DDE  (0‘Leary, 
1969).  Low  placental  and  high  vernix  levels  were  noted;  fetal  blood 
levels  were  one-half  maternal  levels.  In  a similar  study  on  premature 
infants  (O’Leary,  1909),  high  fetal  levels  were  noted;  no  relationship 
between  maternal  blood  levels  of  DDK  and  DDT  and  the  incidence 
of  first  trimester  spontaneous  abortion  were  found,  although  the  num- 
ber of  pregnant  women  reported  on  was  inadequate  for  firm  conclu- 
sions. 

Organophosphates . — Evidence  of  teratogenic  potential  of  organo* 
phosphates  in  humans  has  been  reviewed  and  found  inconclusive 
(Khera  and  Clegg,  1969). 

Mercurials. — Consumption  by  Japanese  pregnant  women  of  fish 
and  shellfish  contaminated  by  methylmercury  produced  a high  in- 
cidence of  infantile  cerebral  palsy  (Matsumoto  et  o/.,  1965).  This  con- 
dition has  been  termed  fetal  Minamata  disease. 
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